^378.7441 

BO  I 
RMI932 


iBnstnn  UntitprBtlg 
(EnlUgF  of  ICtbpral  Arta 
Sitbrarg 


The  Gift  of  "We-^uAVvor 


p7573 


BOSTON  UIvIVERSITY 
G-RADUATE  SCxHOOL 
Thesis 

PREPARATIO::  OF  META  TOLUENE  SULFONIC  ACID  FROM  H/ETA  TOLUIDINE 

by 

Samuel  David  Schwartz 
(3.CK.E.,  Northeastern  University,  1932) 
submitted  in  partial  fulfilment  of  the 
requirements  for  the  degree  of 
Master  of  ^..rts 
1933 


BOSTON  UNIVERSITY 

COLLEGE  OF  LIGERAL  ARTS 
UBRARY 


0 


37^.7^4- 

An  n33 

s 


PREFACE 

The  specific  purpose  of  this  research  is  to  prepare  meta- 
toluene  sulfonic  acid  from  meta-toluidine .     It  was  proposed 
that  aromatic  sulfonic  acids  could  be  prepared  from  the  tolui- 
dines  by  first  preparing  the  sulfinic  acids  and  then  oxidising 
them  to  the  sulfonic  acids.     Although  it  has  been  stated  in 
the  literature  that  this  has  been  prepared,  the  method  has  not 
been  published  as  far  as  the  author  knows,  and  as  a  result  this 
research  may  be  of  value  for  establishing  a  method  for  the  iso- 
lation of  this  organic  acid  in  a  pure  state  which  might  be 
utilized  as  such  for  other  organic  preparations.     The  available 
knowledge  on  the  oxidation  of  sulfinic  acids  is  also  very  min- 
ute and  it  is  hoped  that  this  thesis  will  add  to  this  knowledge 

The  author  v^ishes  to  acknowledge  his  indebtedness  to  Dr. 
J.  P.  Mason  of  Boston  University  for  the  encouragement,  con- 
structive criticism,  and  helpful  guidance  which  he  so  eagerly 
and  earnestly  offered  throughout  this  entire  investigation. 
The  author  also  v/ishes  to  thank  Ivir.  I.  Schwartz  for  his  aid  in 
the  translating  and  abstracting  of  the  many  G-erman  articles  used| 
as  references  for  this  thesis. 
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i:\TRCDUGTION 

The  field  of  organic  chemistry  has  grov/n  extensively  during 
the  last  t'.venty  yes.rs  and  much  crork  hc.s  been  done  to  make  this 
a  very  important  branch  of  the  science  of  chemistry.  Together 
with  the  advanced  knoY/ledge  concerning  theoretical  chemical 
principles  and  kno'.vledge  concerning  the  structure  of  the  chemi- 
cal atoms,  organic  chemistry  has  found  many  varied  and  v/ide 
applications  in  the  industry  as  well  as  serving  in  the  capacity 
of  being  a  very  interesting  field  for  pure  research. 

As  many  organic  chemists  have  pointed  out,  the  dye  indus- 
try is  greatly  indebted  to  the  field  of  organic  chemistrj'-^  and 
through  the  study  of  the  constitution  of  natural  coloring  matter 
and  attempts  to  synthesize  products  v/hich  have  properties  simi- 
lar to  the  natural  substances,  much  information  and  imov/ledge 
was  gained  concerning  the  chemical  structure  of  many  different 
compounds.     The  dves  prepared  synthetically  are  used  in  the 
photochemical  industry  and  in  the  field  of  food  chemistry  for 
the  determination  of  pK  values  as  v/ell  as  for  dyeing  textiles. 

T;vo  basic  substances  play  an  important  role  for  the  manu- 
facture of  synthetic  dyes.     They  are  aniline  ( <^     ^-NKp)  and  its 
homologues;  such  as  toluidines,   (H-^C-<;^    ^-1,^2)  and  the  sulfonic 
acids  such  as  benzene  sulfonic  acid  and  its  homologues,  like 
meta-toluene  sulfonic  acid  ^-CH^).     The  sulfonic  acid 

SO2OH 

group  imparts  a  property  to  the  dye  which  is  invalu^able  to  its 
use.    Ki Choi son  (1)  discovered  that  certain  dyes,  insoluble 


(Ij)  Cohen,  J. 3.,  "Theoretical  C^rganic  CHemistry,"  p.  528,  Mac- 
millan  and  Co.,  (1928) 


in  water,  on  sulfonation,  become  soluble.     The  aromatic  sulfonic 
acids  may  be  used  also  for  many  other  prepi"".rc-tive  purposes  as 
indicated  in  Table  I . 

Table  I. 


The  sulfonic  acids  can  be  prep£~red  by  direct  sulfonation 
of  the  aromatic  hydrocarbon,  the  hydrogen  attached  to  the  car- 
bon of  the  ring  being  substitued  by  the  sulfonic  group  (-S-OH), 
Since  this  thesis  is  ultimately  aiming  at  the  preparation  of 
the  mata-toluene  sulfonic  acid,  the  direct  sulfonation  of 


( 
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toluene  ( ^CH^ )  v;ill  be  taken  as  a  typical  reaction  which 
is  illustrated  by  the  following  reaction: 


Orf/io 


V 


Thus  are  produced  the  three  isomeric  sulfonic  derivatives  of 
toluene.     The  presence  of  the  methyl  group  (-GH^)  influences 
the  incoming  group  to  take  chiefly  the  ortho  and  para  positions 
in  the  ring.     The  amounts  of  each  isomer  can  be  regulated  by 
controlling  the  temperature  at  which  the  sulfonation  takes 
place.    Holleman  (1)  shows  the  relative  percentages  of  the  ortho 
meta,  and  para  derivatives  respectively  formed  at  different 
temperatures  on  the  sulfonation  of  toluene,  shown  by  Table  II. 

Table  II. 

sulfonation        53    %  o-toluene  sulfonic  acid 

(a)     toluene   3.8  ^  m-      "  " 

0°G  42.7^  o-  " 


sulfonation 

(b)  toluene   

ICO"  C 


72.55^  p-toluene  sulfonic  acid 
10.1^  m-       "  " 
\1A%  o-      "  "  " 


(1)  Holleman,  A.F.,  "a  Text  Book  of  Organic  Chemistry,"  p.  467, 
John  '.Tiley  ^c  Sons,  Inc.  (1930) 
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G-atterman  (1)  has  described  an  ingenious  appEratus  for  the 
Isolation  of  the  p-toluene  sulfonic  acid  by  the  use  of  an  excess 
of  toluene  and  a  special  distillation  apparatus  for  the  removal 
or  water.    He  (2)  also  describes  how  the  sulfonic  acids  may  be 
separated  as  their  sodium  salts  by  adding  sodium  chloride  to 
the  sulfonation  product.    Another  method  is  to  add  barium 
chloride  to  the  product  of  the  sulfonation  of  the  ?.romatic 
hydrocarbons  and  in  this  vray  separate  the  barium  salt  of  the 
sulfonic  acid  in  crystalline  form.    This  v/ill  be  met  v/ith  later 
in  the  Isolation  of  the  sulfonic  acid  as  obtained  by  the  oxida- 
tion of  the  sulfinic  acid.     If  it  is  desired  to  obtain  the  free 
acid  the  barium  salt  is  exactly  neutralized  with  concentrated 
sulfuric  acid  and  the  insoluble  baritim  sulfate  filtered  off, 
and  the  filtrate  evaporated.  | 

Still  it  can  be  seen  that  the  relative  amount  of  pure  m- 
toluene  sulfonic  acid  which  can  be  prepared  by  direct  sulfona- 
tion is  small  and  the  cost  of  obtaining  it  in  pure  form  will  be 
in  most  cases  greater  than  will  be  warranted  for  its  preparation 
on  a  commercial  basis.    As  a  result,  any  method  devised  by 
which  each  of  the  isomeric  sulfonic  acids  could  be  obtained 
independently  as  pure  isolated  products  would  have  scientific 
and  possibly  practical  value. 

The  literature  bearing  directly  on  the  preparation  of  m- 
toluene  sulfonic  acid  is  not  very  extensive  and  is  noted  in  the 
respective  places.    This  necessitates  searching  in  a  field 
parellel  to  the  preparation  of  m-toluene  sulfonic  acid,  namely 

(1)  Gatterman  L.  and  Wieland. ,  ^'^boratory  Methods  of  OrgaMc 

Chemistry,"  p.  183-4.    ^acmillan  Co.,  1932. 

(2)  Gatterman  L.,  Ber.,  24,  2011-21  (1891) 


w 

» 

r 

the  preparation  of  the  ortho  and  para  compounds    from  the  start- 
ing point  listed  below,    ^^hus  a  good  deal  of  the  rerume  of  the 
literature  deals  with  the  preparation  of  these  related  com- 
pounds. 

In  order  to  prepare  the  ra-toluene  sulfonic  acid,  it  'as 
proposed  to  oxidize  the  corresponding  sulfinic  acid  (\     \— CH_ 

SO2H 

to  the  sulfonic  acid  "by  some  suitable  oxidising  agent,  to  be 
determined  by  experimental  work  in  the  laboratory.    The  start- 
ing point  for  the  preparation  of  the  sulfinic  acid  is  to  be 
the  toluidine.    The  chief  sources  of  the  toluidine  are  from  the 
chemical  reduction  of  m-nitro- toluene  (1)  and  by  the  electro- 
chemical reduction  of  m-nitro  toluene  (2).    The  reduction  for 
the  formation  of  the  toluidine  is: 

y  -NO  2  reduction  NH^ 

H^C-<(_J>   ^ 

The  general  properties  of  the  toluidine  as  reported  in  the 
Chemical  Encyclopedia  (3)  are  that  the  meta  and  ortho  toluidines 
are  liquids  which  boil  at  about  197.7  C  and  203.3  C  respective- 
ly.   The  p-toluidine  is  a  v/hite  solid,  lustrous  substance,  m.p« 
45  C,  from  which  many  red,  violet  and  blue  dyes  are  made. 


(1)  LoY/y,  A.  and  Harrow,  B.,  "An  Introduction  to  Organic  Chemis- 

try," p.  239,  John  .Viley  &  £.ons,  Inc.  (1932) 

(2)  Brockman,  C.J.,  "Electro-Organic  Chemistry,"  p.  234-5, 
John  .Viley  <5c  Sons,  Inc.  (1926) 

^z«tt  ,^-aT^T|-^0hemiC5Fl-a:tgye^opeaia , "  p .  924 ,  --PvBallitji' A 
Tindall  and -Cox.  (1932) 


1 

c  •      •  • 

r 

c 

1 

• 

8 


The  specific  method  used  in  this  research  for  the  prepara- 
tion of  the  sulfinic  acid  is  that  oultined  by  G-atterman  (l) 
which  consists  in  the  diazotization  of  the  corresponding  tolui- 
dine  at  0  C ,  saturating  the  solution  with  sulfur  dioxide  at  0  C 
and  the  addition  of  copper  powder  in  the  cold.    Although  this  ifi 
the  basic  method,  there  are  cited  in  the  resume  of  the  litera- 
ture modifications  of  the  procedure  such  as  the  use  of  substances 
other  than  copper  powder  to  catalyze  the  reaction  and  various 
methods  of  isolating  the  free  sulfinic  acid. 

Oxidation  methods  for  the  transforming  of  the  sulfinic  acid 
to  the  sulfonic  acid  are  purely  experimental  and  the  deductions 
therefrom  are  the  individual  observations  of  the  investigator. 
The  p-toluidine  is  used  as  the  material  from  which  the  sulfinic 
and  consequently  the  sulfonic  acid  are  obtained  in  order  to 
perfect  the  technique  of  preparation  before  proceeding  with  the 
preparation  from  m-toluidine  which  is  relatively  expensive. 


(1)  aatterman,  L.,  Ber.,  32,  1136  (1899) 
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RESUlJlE  OF  THE  LITER;\TURE 

The  literature  \.>iicii  pert-ins  directly  to  the  preparation 
of  m-toluene  sulfinic  acid  from  v/hich  it  is  proposed  to  obtain 
the  m-toluene  sulfonic  acid  is  very  brief.    Therefore  this 
survey  of  the  literature  will  deal  with  the  sulfinic  acids  in 
a  general  v/ay,  and  the  different  methods  of  preparing  the 
sulfinic  acids  v/ill  be  noted  in  addition  to  a  detailed  dis- 
cussion of  the  principle  method  employed  in  this  thesis  in 
order  to  furnish  as  broad  a  yIbyi  as  necessary  for  a  clear 
understanding  of  the  field  under  observation. 

The  sulfinic  acids  are  organic  acids  v/hich  have  the  gene- 
ral  formula  R-S-H  or  R-S^OK  defending  on  the  viev;  one  takes 
concerning  the  structure  of  the    .cid.     The  nature  of  the  con- 
stitution of  the  sulfinic  acids  will  be  discussed  later.  The 
sulfinic  acids  have  been  prepared  by  several    general  methods, 
which  were  discovered  independently  by  different  men.    R.  Otto 
(1)  prepared  p-toluene  sulfinic  acid  by  the  reduction  of  p- 
toluene  sulfonyl  chloride  with  sodium  amalgam,  according  to 

the  reaction: 

  Na  amalctam   

H3C-<;^  ^-S02C1   ^HjC-^^J^SOgH  -  H81 

Bloomstrand  (2)  used  sodium  sulfite  in  place  of  the  sodium 
amalgam  as  a  reducing  agent  for  the  reduction  of  the  p-toluene 
sulfonyl  chloride.      According  to  Schiller  and  Otto  (3)  the 
sulfinic  acids  Tzan  be  easily  prepared  by  adding  zinc  dust  to  a 
cold,  alcoholic  solution  of  p-toluene  sulfonyl  chloride.  The 
zinc  salt  v/hich  is  obtained  in  this  method  iS:  washed  v/ith 

(1)  Otto,  R.,  Ann.,  142,  93  (186?) 

(2)  Bloomstrand,  C:Y/.,  Ber. ,  3,  965  (1370) 

(3)  Schiller,  R.  and  Otto,  R. ,  Ber.  9,  1584-7  (1876) 
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water  and  decomposed  by  sodium  carbonate.     The  solution  after 
having  been  concentrated  was  treated  with  hydrochloric  acid  in 
the  cold,  and  the  p-toluene  sulfinic  acid  is  precipitated. 
Richter  (l)  states  that  the  sulfonyl  chloride  may  be  dissolved 
in  ether  instead  of  alcohol  and  then  trecited  v/ith  the  zinc 
dust  in  order  to  obtain  the  zinc  salt  of  the  sulfinic  L^cid.  He 
also  gives  a  method  for  producing  the  sodium  salt  of  the  sul- 
finic acid  by  the  action  of  thiophenols  on  benzene  sulfonyl 
chloride  as  shovm  by  the  re  ction: 

<(     ^30201  ♦  2  <^     y  -SNa   ^   ^302Na  +  {(^  )^^)2  *  ^^^^^ 

The  sodium  salt  may  then  be  transformed  into  the  sulfinic  acid 
by  treatment  v/ith  hydrochloric  acid  in  the  cold. 

i.leister,  Lucius  and  Briining  (2)  used  sodium  sulfide  as  a 
reducing  agent  to  reduce  the  sulfonyl  chloride.     Fromm  and 
Erfurt  (3)  prepared  the  sulfinic  acid  by  the  reduction  of  the 
sulfonyl  chloride  v/ith  potassium  hydrosulf ide,  and  Grutman  (4)  (5) 
by  the  use  of  sodium  arsenite  (Na2AsO-j)as  a  reducing  agent. 
Knoevena^iel  and  Kenner  (6)  (7)  found  tha.t  the  aromatic  sulfinic 
acids  could  be  prepared  readily  by  the  Friedel-Graf ts  reaction 
from  toluene,  aluminum  chloride,  sulfur  dioxide,  and  hydro- 
chloric acid.    They  found  that  an  80%  yield  was  obtained. 

(1)  Richter,  V.  von.,   "Organic  Chemistry  or  Chemistry  of  the 

Carbon  Compounds."  Vol.  II,  d.  179-80.  P.  Blakiston's 
Son  &  Co.  (1922) 

(2)  Meister,  Lucius,  3rilning,  Chem.  Zntr.  II,  513,  (1910) 

(3)  Fromm,  E.  and  Erfurt,  R. ,  3er.  42,  3821,  (1909) 

(4)  Gutman,  A.,  Ber.  4l,  3351,  (1908) 

/  c  \     /I .  ..4——..         4                             it  r\        ii  O  <^         /  T             \  — 

XZ^)  tutman,  a.,  rJer.   ^-'df   4uU,  ^1909; 

(6)  Knoevenagel,  E.  and  Kenner,  J.,  Ber.  41,  3315-22,  (1908) 

(7)  Knoevenagel,  E.  and  Kenner,  J,,  J.  Chem.  Soc,  83,  7541, 

(l508)                                                          >       »  , 
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They  also  found  that  the  reaction  was  started  by  passing  hydro- 
gen chloride  through  the  mixture  of  substances  in  a  suitable 
reaction  container.     Hov.'ever  sulfoxides  (H^C<^     ^^-^  "yCR^) 
and  sulfonium  compounds  are  formed  as  well  as  the  sulfinic  acid. 
The  autlior  states  thiit  the  aluminum  chloride  probably  adds  on'  tq 
the  sulfonyl  compound  and  thus  forms  the  intermediate  compound, 
AlCl2«S02Cl.     The  sulfinic  acid  can  also  be  m:.de  by  the  G-rig- 

nar-d  Reaction  (1)  by  passinp:  a  stream  of  sulfur  dioxide  or 

/CI 

adding  thicj^l  chloride  (S=0  )     to  an  ether  solution  of  phenyl 

\ci 

magnesium  bromide,  the  reaction  being: 

<^  p>-:ig3r   ^  \  ^-S-OMg?r   ^  \  ^-SOOH 

acid 

Rosamund  (2)  prepared  the  previously  discussed  p-toluene 
sulf  cnyl  ch -oride  by  he:. ting  three  gri-ras  of  p-bromo-toluene 
(Br-^^^    ^CH^)  for  seven  nours  at  180"  G  first  and  then  at  200*C 
with  an  equivalent  amount  of  sodium  sulfite  and  15  cubic  centi- 
meters of  water  and  one  tenth  gram  of  copper  sulfate  •  He 
filtered  the  mixture,  evapor:ted  and  treated  it  with  phosphorus 
pentachloride  and  identified  the  substance  as  an  amide. 


(1)  Richter,  V.  von.,  "Orfi:anic  Chemistry  or  Chemistry  of  the 

Carbon  Compounds."  Vol.  II,  p.  179-80,  P.  Blakiston'^ 
Son  &  Co.  (1922) 

(2)  Rosamund,  K.'.V. ,  Ber.  5^,  ^38-40  (1921) 


CONSTITUTICN  AHD  PROPERTIES  OF  SULFIIIIC  ACIDS 
Otto  (1)(2)  states  that  the  structure  of  the  sulfinic 
acids  is  favored  by  the  hypothesis  that  the  acids  are  hydrides 
and  do  not  contain  the  hydroxy 1  group,  and  the  sulfur  acts  as  a 
hexad  and  not  as  a  tetrad.    This  is  hov»ever  still  open  to  dis- 
cussion.   To  illustrate  his  view,  he  uses  the  formulas  shown 
below; 

C6H5  jgHs 
O.SrO  S-OH 

I  II 

H  0 

and  the  reaction  bet'.veen  sodium  benzene  sulfinate  in  alcoholic 
solution  with  alcoholic  bromide  on  warming.    The  alcohol  is 
distilled  off  after  the  Beaction  is  complete  and  the  residue  is 
poured  into  water.     This  is  a  new  way  of  preparing  sulfones 
(<^^^-SC0C2H5 )  •    The  sulfones  may  also  be  prepared  by  the 
oxidation  of  ethyl  phenyl  sulfide  ^-SC2He5)  with  potassium 

permajiganate  in  warm  glacial  acetic  acid. 

According  to  Richter  (3)  and  Watts  (4)  the  sulfinic  acids 
are  not  very  stable  and  are  decomposed  or  broken  up  into  sul- 
fonic acids  and  disulf oxides ,  v/hen  allov/ed  to  stand  over  con- 
centrated sulfuric  acid  for  a  long  time,  or  heated  with  water. 
They  are  also  converted  into  sulfonic  acid  by  air  and  such 
oxidizing  agents  as  potassium  permanganate  and  barium  peroxide. 


(1)  Otto,  R.,  Bar.  13,  1272  (I88O) 

(2)  Otto,  R.,  J.  Chem.  Soc,  38,  810  (I88O) 

(3)  Richter,  V.  von,  "Organic  Chemistry  or  Chemistry  of  Carbon 

Compounds."    Vol.  II,  p.  179-80.    P.  Blakiston's  Son 
^  ^&^Cq  .     ( 1922)  ____ 

(4)  Watts,    Dictionary  of  Chemistry,"  p.  755-6,  Longmans,  Green 
&  Co.  (1894) 
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The  salts  of  the  sulfinic  acids  comhlne  v/ith  sulfur  to 
form  thio-sulf onates ,  and  on  reduction  with  zinc  dust  they  are 
converted  into  thio-phenols.     If  these  salts  are  fused  v/ith  al- 
kali, they  are  decomposed  into  benzenes  and  alkali  sulfites  as 
indicated  below: 

 ^  fuse   

^     ^SOoK  *  IXK   ^    <(  -2SO3 

They  react  v/ith  thionyl  chloride  to  yield  sulfinyl  chlorides, 
with  aldehydes  to  form  oxysulfones  (H^C . CH(CH) .SO2G5K5)  and 
they  add  on  to  the  alpha,  beta  unsaturated  s.ldehydes,  ketones, 
and  carboxylic  acids  to  form  sulfcnes.     '.('ith  acetic  anhydride 
the  sulfinic  anhydride  is  formed,     w'ith  chloro-carbonic  esters, 
they  form  true  sulfinic  esters  which  is  shov/n  by  the  reaction: 

<^     ^-SOglTa  ♦  CICOOC2H5   ^  <(     )>-SQ0C2H5  +  NaCl  +  CO2 

Sulfinic  acids  form  slightly  soluble  ferric  salts  on  reacting 
with  ferric  chloride  solution. 

Otto  and  Rossing  (1)  have  sho^m  that  the  s-romatic  sulfinic 
esters  are  readily  oxidized  by  potassium  perrac-.nganate  in  acetic 
acid  solutions  to  the  corresponding  sulfonic  esters.     For  ex- 
ample. 7«8  gm.  of  ethyl  benzene  sulfinate  dissolved  in  twenty 
times  its  volume  of  glacial  acetic  acid  and  a  hot  saturated 
solution  of  4.8  gm.  of  potassium  permanganate  in  2^%  acetic  acid 
was  added  slowly  and  shaken  between  ddditions.    The  resulting 
mixture  was  decolorized  by  alcohol  and  diluted  with  water.  It 
was  then  extracted  with  sodium  carbonate  solution  in  order  to 

(1)  Otto,  R.  and  Rossing,  R. ,  Ber.  19,  1224-7,  (1899) 


remove  the  acetic  s-cid.     In  this  v/ay  a  yellov/  oil  was  obtained 
with  the  properties  of  ethyl  benzene  sulfonate.     The  esters  can 
be  decomposed  into  potassium  benzene  sulfonate  and  alcohol  by 
boiling  with  aqueous  potassium  hydroxide  solution.     The  p- 
toluene  sulfonates  vrere  also  prepc^red  and  an  interesting  fact 
obtained  from  this  re-%ction  is  that  the  sulfinic  acids  probably 
have  the  structural  formula  of  -b-OH  where  the  sulfur  acts  as 
a  tetrad  instead  of  as  a  hexad  as  previously  stated  and  as  a 
result  conflicts  with  Otto's  original  hypothesis.  Rossing 
attributed  this  fact  to  the  manner  in  which  the  alkyl  sulfonates 
are  formed.     This  method  also  offers  a  means  for  preparing  the 
m-toluene  sulfonic  acid  by  first  preparing  the  sulfinic  ester, 
oxidizing  this  to  the  sulfonic  ester,  decomposing  this  to  the 
potassium  sulfonate  and  hydrolyzing  to  the  sulfonic  acid. 


METHODS  OF  PREPARING  M~TOLUENE  SULFONIC  ACIDS 
F.  H.  S.  IJil'ller  and  ■.'iesinser  (1)  claim  to  have  prepared 
m-toluene  sulfinic  acid  and  m-toluene  sulfonic  acid  by  the 
action  of  sulfurous  acid  on  the  m-toluene  diazonium  acid  sul- 
fate.   The  formulas  for  the  free  acid,  the  amide,  the  chloride, 
the  toluidide  and  the  anilide  are  given  respectively  as  follows: 


O^OH 


The  method  for  obtaining  or  isolating  the  m-toluene  sulfonic 
acid,  hov/ever,  is  not  stated  and  this  is,  of  course,  what  we 
are  interested  in. 

P.  Claissen  and  7/allen  (2)  claim  to  have  prepared  the  m- 
toluene  sulfonic  acid  by  the  action  of  chloro  sulfonic  acid 
(CISO^H)  on  toluene  according  to  the  reaction: 


■CH3  +  HOSOgCl 


H3C-<^  y  f  HCl 


The  sulfonyl  chlorides  crystallize  from  absolute  ether  (alcohol 
and  water  free)  and  after  he^.ting  v;ith  water  are  converted  into 
the  acids.     A  table  of  the  relative  properties  of  these  acids 
is  given. 

Kubner  and  Post^Jobti-ined  the  ra-toluene  sulfonic  acid  by 
the  action  of  sodium  amalgam  on  a  solution  of  2— bromc  3-sulfo 
toluene.  following  characteristics  of  the  salts  of  the 

m-toluene  sulfonic  acid  were  given.    The  barium  salt  is  very 
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(1)  LIuller,  F.H.  and  V/iesinger,  F.,  Ber.  12,  1348-49,  (1879) 

(2)  Claissen,?.  and  fallen,  P.,  Ber.  12,  1848  (1879) 

(3)  Htibner,  H.  and  Post,  J.,  J.  Chem.  Soc.  27,  P.  56-6O  (1874) 
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I  soluble    in  water  and  alcohol,  and  forms  a  crystalline  pov/der. 
The  lead  salt  crystallizes  from  a  concetrated  aqueous  solution 
in  thin  plates  grouped  in  rosettes,  or  in  long  needles  from 
absolute  alcohol.    The  calcium  salt  is  very  soluble  in  v/ater 

I  r.nd  separates  out  in  small  glistening  plates  when  heated  in  a 
concentrated  alcohol  solution  and  redissolves  on  cooling.  The 
sodium  salt  dIus  one  half  molecule  of  v/ater,  -.vhich  is  v  ^ry  solu- 
ble  in  v/ater  .crystallizes  from  absolute  alcohol.  The  potassium 
salt  plus  one  hi.lf  molecule  of  water  crystallizes  from  absolute 
alcohol  as  large  shining  plates  and  resemble  naphthalene  in 
appearance . 

The  qi-toluene  sulfonyl  chloride  is  a  pale  yellow  liquid 
which  has  a  very  penetrating  odor,  it  does  not  become  a  solid 
at  -10^  C,  and  is  not  decomposed  by  water  at  130''C.  Amnonia 
converts  it  into  the  amide  which  crystallizes  from  water  at  40 "^-C 
in  large  plates,  and  if  the  water  is  kept  at  20° C,  the  amide 
crystallizes  in  thin  needles  having  a  melting  DOint  of  90-91"  C. 

G-ewer  (l)  prepared  the  m-toluene  sulfonic  acid  by  boiling 
the  diazonium  salt  with  absolute  alcohol  under  pressure.  He 
states  that  the  free  acid  as  well  as  its  chloride  forms  a  syrup 
but  the  amide  crystallizes  from  hot  Y/ater  and  ether  in  beau- 
tiful prisms. 

Pechman  (2)  prepared  it  from  paramido-  m-toluene  and  gives 
reactions  to  shov/  this. 


(1)  G-ewer,  F.,  J.  Chem.  Soc.  2?,  p.  168  (1874) 

(2)  Pechman,  H.  von.,  J.  Chem.  Soc.  28,  p.  78  (1875) 


PREPARATION  FROr^  TOLUIDINE  ACCORDING-  TO  GATl ERIvlAN '  S  IffiTHCD 
As  stated  in  the  introduction,  this  research  is  being 
carried  out  in  order  to  prepare  the  m-toluene  sulfonic  acid  fron 
m-toluidine.    Although  there  are  no  detailed  methods  described 
in  the  literature  on  the  preparation  of  this  acid  in  this  way, 
It  has  been  stated  in  several  places  already  mentioned  that  it 
has  been  done.    Thus  the  preparation  of  the  ortho  and  para  sul- 
fonic acids  T/ill  be  discussed. 

Muller  and  V/iesinger  (l)  as  previously  mentioned  were  the 
first  ones  to  notice  the  effect  of  sulfurous  acid  on  diazonium 
salts,  and  also  Ludwig  G-atterman  (2)  in  his  article,  "Ueber  der 
Ersatz  der  Diazo  G-ruppe  durch  den  Sulf insRurerest . "    The  method 
described  by  Gatterman  consists  in  treating  10  gm.  p-toluidine 
with  25  cc.  cone,  sulfuric  acid  and  15  gm.  water  in  order  to 
form  the  p-toluidine  acid  sulfate,  (H^G-^    ^-HH30S020K) .  The 
solution  is  then  cooled  to  0* C  and  then  8  gm.  sodium  nitrite 
dissolved  in  40  gm.  water  are  added  to  the  toluidine  salt  while 
cold,  and  produces  the  p-toluene  diazonium  acid  sulfate.  This 
solution  is  then  saturated  with  sulfur  dioxide  in  the  cold  and 
10  gm.  dry  copper  powder  are  added.    The  reactions  v/hich  take 
place  are  as  follows,  in  this  order: 

1).  H3C-<(2I)--^ 


•2  ^  HOSO2OH 
2).     H3C-<^     )^-FH^0SC20H  ♦  KONC 


H3C 


NrUOSOoOK 


3)  .     H3C-  -:i20SQ20H  +  H2SO3 

4)  .     H3C  -<(     ^N20S0  2H    —  0 


^'5^"^  ^NgOSQpOH 
H3G-<^  ^x^gOSOgH 
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(1)  Mtiller,  F.H.  and  V/iesinger,  F. ,  Ber.  12,  1348  (1879) 

(2)  Gatterman,  L.,  Ber.  32,  II36  (1899) 


1 

t 


18 

) 

5).  H^C-<^    ^-NpSOpH  -  N2   ^      H^C-<^     ^-SOpH  + 

powder 

Thus  as  G-atterman  shows  there  are  two  possibilities  that  the 
oxygen  may  be  taken  away,  either  by  the  finely  divided  copper 
powder  or  by  the  sulfur  dioxide. 

In  an  English  patent  of  I896,  communicated  from  abroad, 
the  manufacture  or  production  of  sulfinic  acids  of  the  aromatia 
series  is  described.      This  is  analagous  to  that  published  by 
Gatterman,  but  gives  a  clearer  discussion  of  the  probable 

I  mechanism  of  the  reactions  which  take  place.    The  equations  ared 

1)  .  <(     )>  -N2OSO2OH  +  H2SO3   ^  ^~^-N^SOpOH  +  HgSO^ 

2)  .  2  C     ^-NpSOpOH  +  H2S0»  ^  2  <^~S-SOoH  +  2N2  *  HoSOa 

or  Cu  or  CuO 

This  also  designates  that  the  one  molecular  proportion  of 
oxygen  is  taken  away  either  by  the  action  of  ^2^0-^  or  copper 
and  one  molecular  proportion  of  nitrogen  is  eliminated  by  the 
action  of  the  copper  on  the  diazonium  sulfite.    It  is  also 

I 

emphasized  that  the  reaction  will  proceed  in  a  similar  manner 
if  other  diaaonium  salts  are  used  in  the  place  of  the  diazonium 
sulfate  in  equation  1. 

G-atterman  extracted  the  p-toluene  sulfinic  acid  v/ith  ether 
from  the  solution  and  sludge  v/hich  v/ere  obtained  from  the  re- 
action.   The  ether  solution  was  then  treated  with  a  sodium 
carbonate  solution  in  order  to  separate  the  sulfinic  acid  as 
)         I  its  sodium  salt,  which  is  very  soluble  in  a  v/ater  solution. 

The  water  layer  is  then  drawn  off  from  the  ether  layer  and  is 
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treated  with  ijoncent rated  hydrochloric  acid  in  the  cold.v;hich 
precipitates  the  solid  sulfinic  acid  from  the  solution.  G-at- 
terman  obtained  an  eighty  percent  yield  by  this  method. 

The  following  preparation  of  benzene  sulfinic  acid  is 
quoted  from  the  patent  (1).     "One  part  of  aniline  is  dissolved 
in  a  mixture  prepared  from  three  parts  of  concentrated  sulfuric 
acid  and  15  parts  of  water,  and  diazotiaed  in  the  usual  manner. 
The  diazo  solution  thus  obtained  is  quickly  introduced,  v/ith 
energetic  stirring  and  careful  cooling  into  an  excess  of  a 
saturated  water  solution  of  sulfurous  anhydride,  to  v/hich  six 
parts  of  copper  powder  have  been  added.  A  ro.pid  development  of 
nitrogen  takes  place,  and  the  re^.ction  is  finished  when  the 
development  of  nitrogen  cea.se s  and  the  diazo  compound  is  no 
longer  found  in  the  reaction  mixture.    The  sulfinic  acid  thus 
produced  can  easily  be  isolated  by  extracting  the  mixture  with 
ether,  and  evaporating  the  ethereal  solution.     It  exhibits  the 
properties  of  the  known  benzene  sulfinic  acid,  m.p.  83-84*0." 

On  further  search  through  the  literature,  an  improved 
method. was    given  by  John  Thomas  (2)  who  states  that  the  pri- 
mary aromatic  amino  compounds  can  be  converted  into  their 
corresponding  sulfinic  acids  v/ith  practically  quantitative 
yields  by  the  Ga-tterman  method  and  therefore  offers  a  very 
satisfactory  method  for  replacing  the  amino  radical  by  the  sul- 
finic radical.    He  also  states  that  the  sulfinic  acid  has  been 
generally  obtained  by  extraction  with  ether,  but  this  part  of 
the  operation  is  not  the  best  or  very  convenient  for  prepa,ra- 

(1)  E.P.  26139  of  1396. 

(2)  Thomas,  J.,  J.  Chem.  Soc.  p.  344  (1909) 
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tion  on  a  large  laboratory  scale. 

Working  on  the  suggestion  of  './.J.  Pope  which  was  to  try  to" 
precipitate  the  sulfinic  acids  as  iron  salts,  he  I'ound  that  they 
all  precipitated  as  ferric  salts,  quantitatively  from  a  strongly 
acid  solution  on  adding  ferric  chloride.    The  ferric  salts  were 
orange  precipitates,  v/hich  are  fairly  stable  in  dry  air  and  as 
a  result  can  be  easily  filtered  and  v/c.shed.    Thus  Thomas  con- 
cluded that  the  sulfinic  acids  are  characterized  by  this  pro- 
perty of  yielding  yellow  to  orange  ferric  salts  which  are  in- 
soluble in  water  and  strongly  acid  solution.    The  free  sulfinic 
acids  are  obtained  from  the  ferric  salts  by  treatment  with 
alkilies,  which  precipitate  the  iron  as  ferric  hydroxide  and  the 
sulfinic  acid  remains  in  solution  of  the  alkali  as  an  alkali 
salt,  froD  v;hich  the  free  acid  is  precipitated  by  adding  con- 
centrated hydrochloric  acid  in  the  cold. 

The  procedure  in  outline  form  may  be  divided  into  five 
parts:   (a)  filtering  solution  obtained  from  preparation  of  sul- 
finic acid  and  washing  the  residue  with  dilute  ammonia;  (b) 
allowing  the  ammoniacal  v/ashings  to  mix  with  sulfuric  acid  fil- 
trate;    (c)  adding  concentrated  ferric  chloride  solution  to  the 
solution  which  still  contains  an  excess  of  sulfuric  acid  until 
no  further  precipitate  falls;     (d)  filtering  the  bright  orange 
yellow  precipitate  and  washing  the  ferric  salt  v/ith  water  and 


drying  with  the  aid  of  a  little  alcohol;     (e)  and  treating  the 
ferric  p-toluene  sulfinate  with  a  slight  excess  of  aqueous 
ammonia,  filtering  from  the  ferric  hydroxide  and  acidifying  with 

• 
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concentrated  hydrochloric  acid  in  the  cold  so  that  the  sulfinic 
acid  Trill  separate  out  as  a  mixture  of  sulfinic  acid  with  its 
anhydride,  '.vhich  yields  the  acid  as  a  pure  v/hite  product  with 
a  melting  point  from  36-87* G  on  recrystallization  from  water. 
By  this  .method  Thomas  obtained  12.5  S^i*  of  ferric  p-toluene 
sulfinate  from  10  grams  of  p-toluidine.     Thomas  also  describes 
how  to  make  the  sulfonyl  chloride  by  treating  a  solution  of  the 
sulfinic  acid  in  sodium  cc-'.rbonate  with  sodium  hypochloi?ite,  and 
the  sulfonamide  by  decomposing  the  ferric  salt  with  ammonia  and 
then  treating  it  with  sodium  hypochlorite.    This  method  is  also 
described  and  xjcvered  by  the  English  patents,  numbers  3055  and 
13056  of  1906. 

i:.:proved  letkcds 

It  has  been  shovm  that  copper  sulfate  may  be  used  instead 
of  copper  povrder  in  preparing  the  sulfinic  acids  by  the  G-at- 
terman  method  accoring  to  the  English  patent  number  1305^^  of 
1906.    The  fact  is  brought  out  that  cuprous  oxide,  cuprous 
hydroxide,  cuprous  sulfite  or  ethyl  alcohol,  together  with  the 
cupric  oxide,  cupric  hydroxide  or  other  cupric  compounds  may 
be  used  in  place  of  the  copper  powder  in  the  Gatterman  method. 
Cuprous  sulfide  is  also  (1)    used  in  place  of  the  finely 
divided  copper  pov/der  of  the  G-atterraan  method.     It  was  found 
that  if  cuprous  sulfide  or  a  compound  containing  it  was  used, a 
considerable  improvement  in  the  method  is  effected  since  the 
cuprous  sulfide  can  be  prepared  more  cheaply  and  easily  than 
the  finely  divided  copper  powder  and  other  copper  compounds. 

(1)  eIp.  7288  of  1906. 

- 
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The  method  for  the  preparation  of  o-toluene  sulfinic  acid  (l) 
is  as  quoted  below.     "Twenty  parts  of  o-toluidine  (dissolved  in 
a  mixture  of  sixty  p2.rts  of  ordinary  concentrated  sulfuric  acid 
and  two  hundred  p?.rts  of  v/ater)  are  diazotized  by  means  of 
sodium  nitrite  in  the  usual  manner.    Sulfur  dioxide  is  passed 
into  the  solution  until  it  is  saturated  and  subsequently  five 
parts  of  cu'orous  sulfide,  finely  divided  and  in  a  moist  con- 
dition are  added  little  by  little,  the  passage  of  sulfur  di- 
oxide continued  until  the  evolution  of  nitrogen  has  entirely 
ceased.    Throughout  the  process  the  temperature  should  not  be 
allovred  to  rise  :.bove  5*G.     .Then  the  evolution  of  nitrogen 
ceases,  the  solution  is  filtered  and  extracted  \7ith  ether.  On 
evaporation  of  the  ethereal  solution,  the  o-toluene  sulfinic 
acid  is  obtained  in  a  dry  state." 

Cain  (2)  described  a  method  by  which  cuprous  oxide  is  used 
for  the  decomposition  of  the  diazonium  salt.    Nine  and  three 
tenths  kilos  of  aniline  are  dissolved  in  15O  kilos  of  20% 
sulfuric  acid  and  diazotized.     Sulfur  dioxide  is  passed  into 
the  solution  (15  kilos)  and  15  kilos  of  cuprous  oxide  are  added 
with  stirring  to  the  solution  v/hich  is  kept  belov/  5*C.  The 
cuprous  oxide  is  a:.ded  a  little  at  a  tine  to  insure  the  reactior 
being  completed. 


A  very  interesting  artixzle  is  that  describing  the  use  of 


> 

cuprous  oxide  which  eliminates  the  extraction  with  ether  or 
precipitating  the  sulfinic  acid  as  the  ferric  salts.     The  sul- 
finic acid  is  also  prepared  according  to  this  method,  more 

(1)  E.P.  7238  of  1906. 

(2)  Cain,  J.C.,  "The  Chemistry  and  Technology  of  the  Diazo-Com- 

pounds,"  p.  65,  Edward  Arnold.  (1920) 
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quickly  and  completely  by  diazotizing  the  amine  using  hydro- 
chloric acid  instead  of  the  sulphuric  acid.    The  procedure  (  1  ) 
for  preparing  the  benzene  sulfinic  acid  is  quoted  below.  "9.3 
parts  of  aniline  dissolved  in  40  parts  of  HCl  of  20%  strength 
are  diazotized  with  7  parts  of  NaNOg  in  10  parts  of  water,  at 
a  temperature  of  0*to  5*C.     To  this  diazo  solution,  Rre  added 
while  stirring,  30  parts  of  a  solution  of  sodium  bisulfite  of 
40  fo  strength,  then  40  parts  of  alcoholic  sulphurous  acid  of 
35%  strength,  at  a  temperature  betv/een  0-5* C,  and  finally  a 
concentrated  aqueous  solution  of  2.5  parts  of  copper  sulfate, 
that  is  a  quantity  corresponding  v/ith  5%  of  the  theoretical 
proportion  of  cuprous  oxide.     Viliile  stirring  vigorously,  the 
temperature  is  gradually  raised  to  15^ G.     V/hen  the  evolution  of 
nitrogen  is  finished,  the  solution  is  neutralized  with  soda, 
the  alcohol  distilled  from  it  and  the  cool  filtered  solution 
is  acidified  v/ith  HCl,  the  sulfinic  acid  which  separates  out 

is  filtered  and  purified  by  dissolution  in  soda  and  reprecipi- 

II 

tation  with  HCl. 


(1)    E.P.  12871  of  1900. 
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EXPERIMEIJTAL 

P-toluene  sulfinic  acid  vras  prepared  according  to  the 
method  outlined  by  G-atterman  (1).    The  p-toluene  sulfinic  acid 
was  prepared  in  order  to  perfect  the  technique  and  because  of 
the  cost  of  the  m-toluidine .     One  mole  v/eight  of  the  p-toluidine 
which  is  a  white  lustrous  organic  compound  v/ith  a  melting  point 
of  45' C  was  used.    The  p-toluidine  is  insoluble  in  cold  v/ater 
but  dissolves  in  a  concentrated  sulfuric  acid  solution  forming 
the  p-toluidine  sulfate.    The  quantities  necessary  to  diazotize 
the  reaction  were  calculated  from  the  equations: 

1)  .  H-^C-^     ^-Mi2  +  HOSO2OH   ^  H3C-<f~^ -NH^0S020H 

2)  .  NaN02-^  HOSOgOH   NaHSO^  ^  HONO 

3)  .  H3C-<(~^  -iNH^QSOgOH  +  HONO  — H^C-<f^-N20S0g0H  -f  2  HgO 

Thus  107  &m.  of  p-toluidine  were  dissolved  in  250  gm.  of  sul- 
furic acid  and  150O  gm.  of  water,  the  excess  sulfuric  acid  being 
added  in  order  to  react  with  the  Nal^02  and  furnish  the  nitrous 
acid  which  is  needed  in  the  operation  of  diazotizing  the  p- 
toluidine  to  the  p-toluidine  diazonium  sulfate. 

APPARATUS 

The  apparatus  used  in  the  preparation  is  as  illustrated  by 
Figure  (1)  and  consists  of:     (a)  the  reaction  flasl:;   (b)  the 
cooling  tank;   (c)  the  separatory  funnel  for  the  addition  of  the 
sodium  nitrite  solution;   (d)  the  sulfur  dioxide  tank;   (e)  sul- 
fur dioxide  inlet;   (f )  inlet  for  copper  powder;   (g)  outlet  tube 

I for  separatory  funnel  as  described  below;    (h)  gas  trap  for 
absorbing  excess  sulfur  dioxide;   (i)  mechanical  stirrer. 
(1)  G-atterman,  L. ,  Ber.  32,  II36  (1899) 
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PROCEDURE 

The  best  single  specific  procedure  for  the  preparation  of 
p-toljiene  sulfinic  acid,  based  on  the  yield  of  p-toluene  sul- 
finic  acid  obtained  in  this  research  is  composed  of  the  two 
following  steps:     (a)  the  preparation  of  p-toluene  sulfinic 
acid  according  to  Gatterman's  method,  which  consists  in  the 
diazotlzation  of  p-toluidine  at  0*C,  saturating  the  solution 
with  sulfur  dioxide,  and  adding  copper  powder  in  the  cold; 
(b)  and  the  isolation  of  the  p-toluene  sulfinic  acid  according 
to  Thomas*  method  as  its  ferric  salt  by  the  addition  of  a  con- 
centrated solution  of  ferric  chloride  to  the  p-toluene  sulfinio 
acid  in  a  strongly  acid  solution.    The  data  given  in  Table  III 
shows  the  amounts  of  materials  used  in  the  preparation,  the 
yield  obtained  in  grams,  and  the  percentage  of  theoretical 
yield  according  to  the  above  procedures. 


Substance 
toluidine 
sulfuric  acid 
water 

sodium  nitrite 

Cu  powder 

ferric  chloride 

p-toluene  sul- 
finic acid 

M.P.  85-86*C. 


TABLE  III 

M.W.  G-m.  used  Theoretical 

yield 

107  50 
98  125 
18  750 

69  35 
40 

162.34  30^ 

72.80  gm. 


Actual 
yield 


15  em. 

20.60^ 

(of  theore- 
tical) 
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The  p-'toluidine ,  sulfuric  acid  and  water  solution  are 
placed  in  the  re;.cticn  flask  (a)  and  the  solution  is  cooled  to 
O'C  by  means  of  an  ice-salt  mixture  in  the  cooling  tank  (b). 
The  mechanical  stirrer  (h)  keeps  the  p-toluidine  in  the  form  of 
a  finely  divided  substc^nce  which  settles  out  in  cooling. 
When  the  temperature  has  reached  0**C,  the  sodium  nitrite  solu- 
tion is  added  to  the  separatory  funnel  (c)  and  the  solution  is 
diazotized  according  to  the  method  outlined  by  G-atterman  (1). 
The  sodium  nitrite  solution  is  added  slov/ly  to  the  cooled  solu- 
tion v/hich  is  well  stirred  by  the  mechanical  stirrer.  The 
addition  of  the  sodium  nitrite  solution  is  continued  until  three 
fourths  of  the  nitrite  solution  has  been  added,  then  it  is 
tested  with  starch  potassium  iodide  paper.    A  drop  of  the  solu- 
tion is  allowed  to  drop  on  a  piece  of  starch  potassium  iodide 

dcu»  t 

paper.    If  dark  spot s^ appear  on  the  starch  potassium  iodide 
paper  it  means  that  the  nitrous  acid  has  been  used  up  and  then 
more  sodium  nitrite  solution  is  added,  until  the  reaction  is 
almost  complete  at  v/hich  point  very  small  amounts  of  the  nitrite 
solution  are  added.     7fb.en  the  solution  in  the  reaction  flask, 
after  stcmding  5-10  minutes  shows  the  presence  of  nitrous  acid 
by  testing  with  st:;.rch  potassium  iodide  paper,  diazotization 
is  complete. 

(1)  G-atterman,  L.,  "Practical  Methods  of  Organic  Chemistry," 
p.  240-1,  Macmillan  Co.  (1914) 
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ADDITION  OF  SULFUR  DIOXIDE 

Next  the  outlet  tube  for  the  excess  gases  is  substituted 
for  the  separatory  funnel  and  all  the  connections  are  made  air 
tight  by  sealing  with  melted  paraffin.     The  sulfur  dioxide  tank 
is  then  opened  and  sulfur  dioxide  passed  into  the  solution 
until  the  solution  has  become  saturated  with  the  gas.     Care  musi 
be  taken  that  the  reaction  mixture  temperature  shall  not  rise 
above  ^"C,     After  the  solution  has  become  saturated,  70  gm.  of 
dry  copper  powder  is  added  slowly  while  stirring  and  continu- 
ing to  pass  in  the  sulfur  dioxide.    The  sulfur  dioxide  addition 
is  continued  for  one  half  hour  after  the  last  portion  of  copper 
pov^der  has  been  added.    The  reaction  mixture  is  allowed  to 
stand  for  a  v/hile  until  the  greatest  portion  of  the  sulfur 
dioxide  has  gone  over  into  the  absorption  trap. 

The  solution  and  solid  matter  are  then  extracted  twice 
with  about  one  liter  of  ether  solution  each  time  in  order  to 
extract  the  sulfinic  acid  formed.    The  color  of  the  solution 
from  the  reaction  vessel  before  the  extraction  was  a  light 
green  shov/ing  the  probability  of  the  formation  of  cupric  sul- 
fate.   The  ether  solution  was  dark  colored  due  to  impurities 
extracted  with  the  sulfinic  acid.    In  order  to  decrease  the 
working  volume  about  one  liter  of  ether  was  distilled  off  and 
the  remainder  was  extracted  with  an  equivalent  amount  by  v/eight 
of  sodium  hydroxide  made  up  into  a  20%  solution  to  extract  the 
sulfinic  acid  as  its  sodium  salt  v/hich  is  soluble  in  v/ater.  The 
water  extract  is  then  treated  with  concentrated  HCl  and  a  yel- 
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lowish  precipitate  of  the  sulfinic  acid  is  obtained*  The 
quantity  was  small  however,  due  to  losses  encountered  3,n  the 
several  extraction  processes.     Twelve  grams  of  the  pure  acid 
were  obtained  which  had  a  melting  point  of  85* C» 

The  causes  for  the  siiiall  yield  may  be  summed  up  as  follows; 
(a)  incomplete  diazotization;   (b)  temperature  of  the  reaction 
too  high;   (c)  copper  powder  added  too  rapidly;   (d)  the  diffi- 
culties involved  in  extracting  and  purifying  the  acid  and  also 
the  possibility  of  side  reactions  because  of  the  larger  quanti- 
ty used. 

ISOLATION  OF  P-T0LUE::E  sulfinic  acid  as  the  iron  SALT 
■|Yith  these  factors  in  mind,  it  was  decided  to  make  a  run 
using  only  50  grojns  of  the  p-toluidine  and  to  employ  the  method 
of  precipitating  the  sulfinic  acid  as  its  ferric  salt  from  a 
strongly  acid  solution  as  suggested  by  Thomas.    The  procedure 
is  carried  out  as  outlined  on  page  19.    The  method  of  cooling 
the  reaction  mixture  v/as  also  sligbtly  changed.    A  metal  con- 
tainer is  set  up  as  in  Figure  3,  the  reaction  flask  is  set  on 
a  support  in  cracked  ice  up  to  the  point  indicated  in  the  dia- 
gram.   Salt  is  placed  on  top  of  the  ice,  and  this  salt  diffu- 
sing through  the  ice  will  cool  the  contents  of  the  flask  to 
()*C.    It  was  found  that  the  temperature  of  the  mixture  could  be 
kept  below  O^C  by  this  method,  by  inserting  a  thermometer  from 
time  to  time  and  reading  the  temperature.     It  \vas  also  found 
that  it  was  advisable  to  add  a  few  small  pieces  of  cracked  ice 
to  the  reaction  mixture  to  insure  the  maintainance  of  0*0 
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temperature  and  to  prevent  too  rapid  rise  of  temperature  due 
to  the  diazotization  reaction.     '.7ith  the  exception  of  the  change i 
in  the  cooling  mechanism,  the  procedure  for  the  preparation  of 
the  sulfinic  s.cid  .vas  c;:.rried  out  as  before  and  the  difference 
comes  in  the  isolation  of  the  sulfinic  acid. 

The  p-toluene  sulfinic  acid  is  isolated  first  as  its  ferric 
salt  and  then  converted  into  the  free  acid  according  to  the 
procedure  outlined  in  the  resume  of  the  literature.    The  re- 
action product    from  the  preparation  of  the  p-toluene  sulfinic 
acid  was  treated  as  follov/s:   (a)  the  contents  of  the  reaction 
vessel  was  filtered  and  the  sludge  or  residue  v/as  washed  v/ith 
dilute  ammonia  J  (b)  the  aminoniacal  washings  are  mixed  with  the 
original  strongly  acid  filtrate;   (c)  concentrated  ferric 
chloride  solution  is  added  to  the  resulting  mixture  from  (b); 
(d)  the  orange-yellow  precipitate  which  forms  is  filtered  by 
use  of  the  suction  pump,  washed  with  water  and  dried  v/ith  the 
aid  of  a  little  alcohol;   (e)  the  dry  ferric  p-toluene  sulfinate 
is  treated  with  a  slight  excess  of  aqueous  ammonia,  the  ferric 
hydroxide  is  removed  by  filtration  and  the  resulting  solution 
is  neutralized  with  concentrated  hydrochloric  acid  in  the  cold 
in  order  to  precipitate  the  sulfinic  acid  as  a  mixture  of  the 
sulfinic  acid  and  its  anhydride;   (f)  the  precipitate  from  (e) 
is  filtered  and  recrystallized  from    hot  v/ater  in  order  to  ob- 
tain the  free  acid  pure;   (g)  and  lastly  the  melting  point  is 
determined.     If  the  acid  does  not  melt  at  the  corr^.ct  melting 
point  it  must  be  recrystallized  again  from  hot  water.  Noyes' 
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system  of  tabulation  (1)  found  in  Table  IV  v;ill  serve  to  illus- 
trate hov/  the  procedure  was  carried  out  and  v/liat  happened. 

TABLE  IV. 
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Reaction  Mixture:  Filter 


Residue 


Copper  sludge  and  sulfinic  acid, 
(7ash  v/ith  dilute  ammonia. 


Residue 


Copper  and 
other  insoluble 
matter. 


Light  blue  solution 
of  H-^C-<(^  ^-SOgNHj,. 
in  Y^ater.    Add  to 
original  filtrate. 


Greenifeh  v/hite  precipitate  in  presence 
of  H2S0^.     Add  cone,   solution  of  FeCl^. 


Orange  yellov;  precipitate.  Dried  on 
filter  and  washed  7/ith  water. 


Treat  with  slight  excess  NH^OH. 


Residue. 


Fe(OK). 


Solution  of  sulfinic  acid 
salt.    Treat  with  cone. 
HCl  in  cold. 


lifnite  precipitate  recry- 
stallizes  from  hot  water 
as  pure  v/hite  crystals, 
m.p.  85-86''C. 


Filtrate 

Green  solution. 


(1)  Noyes,  A. A.,  "Qualitative  Chemical  Analysis,"  td.  60,  Mac- 
millan  Co.  (L920) 


OBSERVATIONS 

The  follov7ing  facts  were  noted  in  carrying  out  the  above 
procedure: 

(a)  On  filtering  the  mixture  in  the  reaction  flask,  a  cleai 
light  blue  solution  v/as  obtained  and  a  brownish  copper  sludge 
remained  on  the  filter  paper. 

(b)  On  washing  the  copper  sludge  v/ith  dilute  ammonium 
hydroxide  a  yellow  precipitate  settled  out  in  the  bottom  of  the 
filter  flask  which  dissolved  on  the  addition  of  more  dilute 
ammonium  hydroxide  solution.     This  can  be  attributed  to  the 
fact  that  the  sulfinic  acid  itself  is  insoluble  in  cold  water 
while  its  salts  such  as  the  sodium  or  ammonium  are  very  solufele 
in  cold  water.    The  excess  ammonium  hydroxide  that  was  added 
formed  am.T.onium  sulfinate  which  was  soluble. 

(c)  A  greenish  white  precipitate  v/as  formed  when  the  alka- 
line solution  7/as    added  to  the  original  acid  filtrate.  This 
was  probably  due  to  the  conversion  of  the  ammonium  salt  into 
the  sulfinic  acid  by  the  excess  sulfuric  acid  in  the  mixture. 

(d)  TThen  concentrated  ferric  chloride  v/as  added  to  the 
reaction  products  of  (c),  an  orange  yellov/  precipitate  was 
formed  which  was  ferric  p-toluene  sulfinate  v/hich  shov/ed  that 
the  original  greenish  v/hite  crystals  v;hich  formed  on  the  addi- 
tion of  the  ammoniim  hydroxide  solution  to  the  original  acid 
filtrate  solution  was  the  sulfinic  acid  v/hich  finally  v/as  con- 
verted into  the  ferric  Sc-lt.     The  light  green  color  v/as  probablj 
due  to  the  adsorption  of  some  of  the  copper    sulfate  solution 
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formed  in  the  original  reaction  flask. 

(e)  Thus  it  was  concluded  that  the  formation  of  all  preci- 
pitates on  the  addition  of  the  ammonium  hydroxide  extract  to 
the  green  acid  solution  should  be  disregarded  and  the  ferric 
chloride  solutions  should  be  added  directly  to  the  mixture  of 
the  ammonium  hydroxide  extract  and  the  green  acid  solution 
obtained  by  filtering  the  original  mixture. 

(f)  On  recrystallization  from  hot  water  the  sulfinic  acid 
obtained  '.vas  perfectly  white  and  had  a  melting  point  of  85-86 

•c. 

On  carrying  out  the  procedure  for  the  Isolation  of  the  p- 
toluene  sulfinic  acid  as  its  ferric  salt  in  another  run,  the 
following  facts  were  noted: 

(a)  An  orange  yellow  precipitate  was  obtained  v;hen  con- 
centrated ferric  chloride  solution  was  added  to  the  mixture  of 
the  aqueous  ammonium  hydroxide  extract  and  the  original  green 
acid  filtrate. 

(b)  On  allowing  this  precipitated  iron  salt  to  stand  in 
the  acid  solution  for  12  hours  the  orange  color  disappeared 
and  in  its  place  there  remained  a  light  yellow  precipitate. 
It  was  assumed  that  the  ferric  salt  in  some  manner  had  been 
converted  into  the  sulfinic  acid  again  and  that  the  ferric 
chloride  had  been  converted  into  ferrous  sulfate  during  v/hich 
the  ferric  chloride  acted  as  an  oxidising  agent  and  converted 
some  of  the  sulfinic  acid  into  fculfonic  acid  v/hiEh  v/as  soluble 
in  the  solution. 
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(c)  To  ascertain  the  validity  of  the  above  assumption, 
the  mixture  obtained  in  (b)  v/as  filtered  and  the  precipitate 
dried  by  pressing  between  tv/o  v/ooden  t)locks  padded  v;ith  filter 
paper.    One  portion  of  the  green  solution  was  treated  v;ith 
potassium  ferricyanide  in  order  to  test  for  the  presence  of  the 
ferrous  ion.    A  blue  precipitate  was  obtained  which  is  a  posi-  • 
tive  test  for  the  ferrous  ion.     A  second  portion  of  the  green 
solution  Y,'as  treated  v/ith  potassium  thiocyanate  and  a  red 
color  and  a  v/hite  precipitate  resulted  giving  positive  indica- 
tions of  the  presence  of  the  ferric  ion.    These  tests  shov/ed 
that  the  original  assumption  made  v/as  correct  a.nd  it  v^as  con- 
cluded that  the  ferric  salt  must  be  filtered  immediately  after 
precipitation  in  order  to  prevent  tha  above  from  taking  place. 
The  liobt  yellow  precipitate  obtained  v/as  recrystallized  from 
hot  Y/ater,  furnishing  a  crystalline  substance  v/hich  melted  be- 
tv/een  85-86* C.    This  was  also  tested  according  to  "Smiles" 
test  (1)  for  the  presence  of  sulfinic  acid  and  a  positive  test 
was  obtained.    The  equation  for  this  test  is: 

On  dissolving  the  aromatic  sulfinic  acid  in  concentrated  H^SO^^ 
and  adding  a  drop  of  anisol,  a  blue  color  was  obtained  v/hich 
is  due  to  the  formation  of  a  para  sulbstituted  aromatic  sul- 
foxide by  elimination  of  water. 


(1)  Clark,  H.T.,  "A  Handbook  of  Organic  Analysis,"  d.  57, 
Edward  Arnold  L  Co.  (1931) 


PREPARATION  OF  LIETA-TOLUENE  SULFINIG  ACID 
Meta    toluene  sulflnic  acid  \7as  prepared  from  in-toluidlne 
according  to  G-atterman's  method  in  the  same  way  as  the  p-tolu- 
ene  sulfinic  acid.    The  procedure  already  described  under  the 
preparation  of  the  p-toluene  sulfinic  acid  v/as  followed  very 
closely  and  special  care  v/as  taken  to  overcome  the  difficulties 
noted  mder  that  preparation.     In  the  preparation  of  the  meta- 
toluene  sulfinic  acid  10  gram  portions  of  the  m-toluidine  were 
used  instead  of  50  or  100  gram  portions  as  in  the  preparation 
of  the  p-toluene  sulfinic  acid.    The  apparatus  was  also  altered 
slig.itly  in  order  to  be  able  to  note  the  different  stages  of 
the  reaction,  i.e.  a  glass  battery  jar  v/as  substituted  for  the 
metal  container  used  as  a  cooling  medium  in  the  preparation  of 
the  p-toluene  sulfinic  acid.    The  reaction  vessel  was  also 
changed  from  a  one  mouthed  flask  to  a  three  mouthed  flask. 
The  contents  of  the  reaction  vessel  were  cooled  as  illustrated 
by  figure  2  and  the  temperature  was  kept  at  0*0  throughout  the 
entire  process. 

The  best  procedure  for  preparing  m-toluene  sulfinic  acid 
according  to  this  research  is  by  utilizing  Gatterman's  method 
first  and  then  isolating  the  sulfinic  acid  by  extraction  with 
ether,  extraction  with  sodium  ct^rbonate  (lO^o)  in  order  to  ob- 
tain the  sodium  salt  which  is  soluble  in  v/ater,  and  then  evapo- 
rating to  dryness  in  order  to  obtain  the  dry  sodium  salt.  This 
was  necessary  because  it  was  found  that  the  m-toluene  sulfinic 

acid  cannot  be  obtained  in  a  pure  sti.te  in  the  form  of  the  free 
acid. 
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PROCEDURE 

The  following  reactions  v;ere  used  to  calculate  the  quanti- 
ties of  materials  v^hich  were  needed  in  the  preparation  of  the 
m-toluene  sulfinic  acid. 


I'  Ten  grams  of  m-toluidine  v/ere  dissolved  in  40  grams  of  sulfuric 
acid  and  250  grams  of  water  in  the  reaction  vessel.    A  large 
excess  of  acid  ?.nd  a  dilute  aqueous  solution  v/as  used  in  the 
preparation  of  the  m-toluene  sulfinic  acid.    This  was  done 
also  by  TrHger  and  Hille  (l).    The  solution  v/as  cooled  to  0*C 
j  by  means  of  an  ice  and  salt  mixture  D.nd  the  m-toluidine  v;as 
diazotized  by  adding  slowly  7  gra,ms  of  sodium  nitrite  dissolved 
in  40  grams  of  water.    The  mixture  was  continuously  stirred  by 
means  of  a  mechanical  stirrer  during  the  diazotization.  ^fter 
I  three  fourths  of  the  nitrite  solution  had  been  added  the  re- 
I  action  mixture  was  tested  v/ith  starch  potassium-iodide  pa^er  to 
I  test  for  complete  diazotization.    The  remainder  of  the  nitrite 
I  solution  was  added  slov/ly  until  the  reaction  product  gave  a 

(1)  Trbger,  J.,  and  Kille,  "J.,     J.  Pr.  Chem.  71,  201-35  (1905) 


(a) 


NaNO^  *  HOSOoOH 


NaHSO,,  ♦  HONG 
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permanent  blue  color  with  the  starch  potassium  iodide  paper 
after  standing  for  five  to  ten  ninutes. 

The  solution  of  the  diazonium  salt  v/as  then  saturated  v;ith 
sulfur  dioxide  gas  from  the  supply  tank  after  all  the  connec% 
tions  on  the  apparatus  had  been  sea.led  tightly  so  that  no  gas 
could  escape.    The  temperature  of  the  re^xtion  product  v/as 
still  kept  at  0*C  and  after  it  had  become  saturated  with  sulfur 
dioxide,  10  grams  of  copper  powder  v/ere  added  slowly  to  the  re- 
action mixture.    According  to  TrBger  and  Hille  (l)  the  sulfur 
dioxide  treatment  should  not  be  prolonged  and  the  copper  powder 
should  be  added  before  the  formation  of  a  red  precipitate  in 
the  reaction  vessel.     This  precaution  was  follov^ed  in  the  above 
procedure. 

The  m-toluene  sulfinic  acid  was  isolated  by  tv;o  methods, 
i.e.  in  the  form  of  its  ferric  salt  according  to  Thomas's  met- 
hod outlined  on  page  20  of  this  thesis,  and  by  extracting  the 
mixture  from  the  reaction  vessel  with  ether  and  then  converting 
the  other  soluble  m-toluene  sulfinic  acid  into  the  sodium  salt 
of  the  acid  by  treatment  with  sodium  hydroxide  or  sodium  carbo- 
nate solution.    The  sodium  carbonate  treatment  has  this  advan- 
tage that  carbon  dioxide  is  liberated  during  the  reaction  of 
the  conversion  of  the  sulfinic  acid  into  the  sodium  salt  and 
thus  indicates  the  end  of  the  reaction,  when  carbon  dioxide  is 
no  longer  liberated. 

In  the  latter  method  the  sodium  salt  Y/hich  is  more  soluble 
in  v/ater  than  in  an  ether  solution  was  dravm  off  from  the  ether 


(1)  TrBgey,  J.,  and  Hille,  W.,    J.  Pr.  Chem.  71,  201-35.  (1909) 


layer.    The  water  solution  was  evapor^.ted  in  order  to  obtain 
the  sodium  ss.lt  of  the  m-toluene  sulfinic  acid  in  the  dry  state 
One  sample  of  the  sulfinic  acid  was  kept  in  the  ether  solution 
to  be  used  later  in  the  oxidation  of  the  sulfinic  into  the 
sulfonic  acid. 


OBSERVATICNS 

The  follov;ing  facts  -.verc  noted  concerning  the  nature  of 
the  reaction  for  the  preparation  of  m-toluene  sulfinic  acid  as 
described  above; 

(a)  The  m-toluidine  first  formed  a  v/hite  solid  when  it 
was  added  to  the  sulfuric  acid  and  v/ater  solution,  and  then 
slowly  dissolved  forming  a  light  amber  colored  solution, 

(b)  This  clear  amber  colored  solution  changed  to  a  deep 
brown  colored  solution  on  diazotization. 

(c)  On  the  addition  of  Giulfur  dioxide  to  the  reaction  mix- 
ture the  color  of  the  diazonium  solution  changed  slowly  to  a 
red  color.    As  the  solution  became  saturated  with  sulfur  diox- 
ide it  changed  to  a  beautiful  dark  red  wine  color. 

(d)  On  the  addition  of  copper  povrder  to  the  reaction  mix- 
ture resulting  from  (c)  the  color  again  changed  to  a  sort  of 
brownish  colored  sludge,  mixed  v;ith  some  sort  of  a  white  pre- 
cipitate. 

(e)  The  evolution  of  nitrogen  was  not  observed  due  to  the 
fact  that  sulfur  dioxide  gas  was  bubbled  continuously  through 
the  reaction  mixture. 

(f)  A  green  solution  and  a  brown  precipitate  were  the 
final  products  of  the  reaction. 

(g)  In  Isolating  the  m-toluene  sulfinic  acid  both  the 
clear  solution  and  the  copper  sludge  obtained  in  (f )  v/ere 
extracted  with  ordinary  technical  ether.    The  colorless  ether 

layer  changed  to  a  light  brown  color,  giving  evidence  that 


something  was  dissclving  in  the  ether. 

(h)  The  ether  solution  on  treatment  with  a  10%  solution  of 
sodium  hydroxide  gave  the  soluble  sodium  salt. of  the  m-toluene 
sulfinic  acid.    On  neutralizing  the  sodium  hydroxide  extract 
with  dilute  HCl  in  the  cold  in  order  to  precipitate  the  free 
sulfinic  acid  a  yellov/ish  precipitate  formed  which  turned 
brovm  on  drying.    The  nature  of  this  precipitate  was  not  de- 
termined at  this  point  in  the  research  due  to  the  small  quanti- 
ty formed  but  there  is  the  possibility  that  it  is  the  disulf- 
oxide  of  m-toluene.    This  falls  in  line  with  the  observation 

of  TrBger  and  Kille.     In  order  to  avoid  this  difficulty  the 
sulfinic  acid  was  isolated  as  its  iron  salt. 

(i)  The  reaction  mixture  v/hen  treated  as  described  under 
the  preparation  of  ferric  paratoluene  sulfinic  acid  on  page  20 
of  this  thesis  furnished  an  orange  yellow  precipitate  v/hich 
resembled  the  ferric  paf^atoluene  sulfonate  in  appearance. 

(j)  The  ferric  salt  v^as  treated  v/ith  a  slight  excess  of 
ammonium  hydroxide  which  precipitated  the  iron  as  ferric  hy- 
droxide and  left  the  sulfinic  acid  in  solution.    V/hen  the 
solution  of  the  sulfinic  acid  v/as  acidified  with  concentrated 
KCl  in  the  cold  no  m-toluene  sulfinic  acid  was  precipitated. 
'ilhen  this  liquid  was  evaporated  on  a  water  bath  a  very  small 
quantity  of  red  oil  was  formed.    This  seemed  to  indicate  that 
the  m-toluene  sulfinic  acid  was  not  a  solid  like  the  p-toluene 
sulfinic  acid  but  an  oil. 

(k)  Working  on  this  assumption  in  the  next  run  a  small 


Dortion  of  the  reaction  mixture  was  extracted  with  ether.    The  i 
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ether  was  distilled  off  and  a  red  oil  was  left  in  the  distill-  | 
ing  flask.    This  further  indicated  that  the  la-toluene  sulfinic 
acid  is  an  oil  instead  of  a  solid.    The  remainder  of  the  re- 
'   action  mixture  v;as  treated  according  to  Thomas  s  method  and 
the  ferric  m-toluene  sulfonate  v/as  obtained.    This  was  con- 
verted into  the  m-toluene  sulfinic  acid  as  described  under 
The  yield  of  oil  obtained  was  again  so  small  that  it  could  not 
be  worked  with  very  efficiently.    Therefore  the  ether  extrac- 
tion method  'vvas  again  tried. 

I  (1)  Xlhen  the  reaction  product  from  the  next  run  v/as  ex- 
tracted V7ith  ether,  the  color  of  the  ether  solution  again 
became  brown. 

(m)  The  ether  v/as  distilled  off  a  small  portion  of  the 
ether  extract  and  a  red  oil  was  obtained. 

II  (n)  Another  portion  was  treated  by  a  mixture  of  solid  I 
^    carbon  dioxide  and  ether  in  order  to  try  to  freeze  the  m-tolu- 
ene sulfinic  acid  out  of  the  ether  solution.    The  oil  did  not 
freeze  out  of  the  ether  solution. 

(o)  It  was  also  observed  that  the  red  oil  on  treatment 
Irith  a  lOfo  solution  of  sodium  carbonate  did  not  all  react  to 
I    form  the  sodium  salt  v/hich  again  indicated  that  the  oil  was  notj 
'    all  pure  sulfinic  acid.    There  is  the  possibility  that  this 
side  product  is  disulfoxide  of  m-toluene  which  was  previously 
encoimtered  in  (h) . 

(p)  It  was  also  determined  that  the  red  oil  does  not  de- 


portion  of  the  reaction  mixture  v/as  extracted  v/ith  ether.  The 
ether  v.-sis  distilled  off  and  a  red  oil  was  left  in  the  distill- 
ing flask.    This  further  indicated  that  the  m-toluene  sulfinic 
acid  is  an  oil  instead  of  a  solid.    The  remainder  of  the  re- 
action mixture  was  treated  according  to  Thomas's  method  and 
the  ferric  m-toluene  sulfinate  v/as  obtained.    This  v/as  con- 
verted into  the  m-toluene  sulfinic  acid  as  described  under  (j). 
The  yield  of  oil  obtained  v/as  again  so  amall  that  it  could  not 
be  v/orked  with  very  efficiently.    Therefore  the  ether  extrac- 
tion method  was  again  tried. 

(1)  ifhen  the  copper  sludge  and  the  clear  solution  from  the 
next  run  v/ere  extracted  with  ether,  the  color  of  the  ether  solu- 
tion again  became  brovm. 

(m)  The  ether  v/as  distilled  off  a  small  portion  of  the 
efeher  extract  and  a  red  oil  was  obtained, 

(n)  Another  portion  a?.s  treated  by  a  mixture  of  solid 
carbon  dioxide  and  ether  in  order  to  try  to  freeze  the  m-tolu- 
ene sulfinic  acid  out  of  the  ether  solution.    The  oil  did  not 
freeze  out  of  the  ether  solution. 

(o)  It  was  also  observed  that  the  red  oil  on  treatment 
with  a  10%  solution  of  dodiurn  carbonate  did  not  all  react  to 
form  the  sodium  salt  which  again  indic^.ted  that  the  oil  was  not 
all  pure  sulfinic  acid.    There  is  the  possibility  that  this 
side  product  is  disulfoxide  of  m-toluene  v/hlch  was  previously 
encountered  in  (h) • 

(p)  It  was  also  determined  that  the  red  oil  does  not  de- 


compose  on  standing  in  ether  solution  as  long  as  the  container 
is  sealed  tight. 
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DERIV-.TIVE  OF  LI-TOLUENE  SULFINIC  ACID 
In  order  to  prove  that  the  sodium  salt  of  m-toluene  sul- 
finic  acid  v/as  obtained,  the  amide  derivative  of  m-toluene  sul- 
finic  acid  v/as  prepared  according  to  the  method  outlined  "by 
Mullikan  (1).    The  m-toluene  sulfonyl  chloride  was  first  pre- 
pared and  was  found  to  be  a  yellow  oil..  The  sulfonyl  chloride 
was  then  converted  into  its  corresponding  amide  which  was  found 
to  melt  betv/een  106-107° C.    The  melting  points  given  in  the 
literature  for  this  amide  ranges  from  106-  to  lOS^G,     In  pre- 
paring this  derivative  the  quantities  used  in  Mullikan  v/ere 
doubled. 

The  procedure  is  as  follov;s:  "(a)  Acid  chlorides.  Mix 
thoroughly  by  grinding  about    half  a  gram  of  the  well-dried 
acid  or  one  of  its  .netallic  salts,  and  about  one  and  one  half 
times  the  chemically  equivalent  quantitity  of  phosphorus  penta- 
chlcride.     7/arm  for  some  time  at  or  below  the  temperature  of 
boiling  v/ater,  if  this  temperature  is  sufficient  to  cause  re- 
action, until  the  reaction  is  completed.     V/ash  the  residue  with 
SEall  quantities  of  ice  cold  water  to  destroy  the  excess  of  re- 
agent and  remove  the  bi-product?  of  the  reaction,  if  it  is  suf- 
ficiently stable  to  permit  such  treatment."    The  product  ob- 
tained from  the  above  procedure  was  extracted  v/ith  ordinary 
technical  ether  in  order  to  extract  the  acid  chloride  of  m- 
toluene  sulfinic  acid.    The  ether  v/as  distilled  off  to  obtain 
the  pure  oil. 

In  order  to  convert  it  into  the  acid  amide  the  following 


(1)  Mullikan,  S.P.,  "identification  of  pure  Organic  ComDOunds," 
p.  14,  Vol.  IV.    John  Wiley  and  Sons,  Inc.  (1922) 
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procedure  was  used:   "(b)  Acid  Amides.    To  prepare  the  acid  amide 
boil  the  acid  chloride  obtained  in  paragraph  (a)  for  a  fev/  min- 
utes v;ith  t'.venty  parts  of  concentrated  aqueous  ammonia.  Evapo- 
rate to  dryness  on  a  water  bath  in  c.  small  glass  capsule,  and 
recrystallize  the  residue  from  boiling  water  or  dilute  alcohol, 
until  it  assumes  a  sonst^jit  melting  point." 





OXIDATICN  OF  ORGANIC  COMPCUIJDS 
The  follo-.ving  terms  are  used  to  describe  the  class  of 
chemical  reactions  known  as  oxidation-reduction  reactions. 
Oxidation  (1)  is  the  increase  in  positive  vt:.lence  of  an  element 
or  a  radical;  and  reduction  in  the  decrease  in  positive  valence 
of  an  element  or  radical.     "Oxidation  and  reduction  must  evi- 
dently take  place  simultaneously,  for  in  any  reaction  of  this 
type  the  oxidising  agent  is  always  reduced,  and  the  reducing 
agent  is  always  oxidised."    An  oxidising  agent  is  a  substance 
capable  of  losing  electrons  and  a  reducing  agent  is  a  substance 
capable  of  gaining  electrons,     ^t  is  also  knov/n  that  oxidation 
and  reduction  reactions  can  be  carried  out  in  either  a  viet  or 
dry  way;  i.e.  either  in  the  presence  or  absence  of  water  (2). 

According  to  Adkins  and  McElvain  (3)  the  oxidation  of  an 
organic  co.-.-.pound  may  involve;  "(a)  addition  of  oxygen  or  of  a 
hydroxyl  group  to  an  unsaturated  linkage;   (b)  the  removal  of 
hydrogen;   (c)  the  replacement  of  hydrogen  or  another  atom  by 
oxygen  or  a  hydroxyl  group;   (d)  the  breaking  of  a  carbon  to 
carbon  linkage  and  the  subsequent  addition  of  oxygen  or  a  hy- 
droxyl group."    The  follo'.ving  factors  are  also  listed  by  Adkins 
and  McElvain  and  must  be  taken  into  account  -.Then  selecting  an 
oxidising  a^ent  for  a  given  reaction,     "(a)  The  oxidising  agent 
must  be  strong  enou,2;h  to  accomplish  the  desired  results;   (b)  it 

(1)  Hamilton,  L.F.  and  Simpson,  S.G-.,  "Calculations  of  .Quanti- 

tative Chemical  Analysis,"  p.  119,  McGraw,  Hill  Book 
Co.,  Inc.  (1927) 

(2)  Carven,  R.M.,  "Foundations  of  Chemical  Theory,"  p.  239-41, 

Blackie  and  Sons.  (1Q21) 

(3)  Adkins,  H.  and  McElvain,  S.H.,  "Practice  of  Organic /Chemis- 

try,"  p.  189-97,  McGraw,  Hill  Book  Co.,  Inc.  (1925) 


must  be  of  such  a  nature  that  the  reaction  may  be  stopped  at 
the  desired  sta^e;   (c)  it  should  furnish  a  minirraim  of  side  re- 
actions;  (d)  it  should  be  possible  to  separate  the  products  of 
the  oxidation  and  reduction  from  the  organic  product  formed; 
(e)  the  reagent  should  be  inexpensive,  easily  handled,  and 
require  as  little  apparatus  as  possible."  "The  solubilizing 
or  pov/er  effect  of  the  medium  should  also  be  considered." 

A  list  of  oxidisins  agents  v/hich  are  used  in  orgaMc  oxi- 
dation is  given  by  Adklns  and  Mc-'^lvain.    The  equations  of  a  fev/ 
of  the  oxid5-tion  reactions  are  given  as  follows: 

(a)  concentrated  nitric  acid. 

2  KNO^   =^  2  NOg  *  HgO  +  0 

(b)  dilute  nitric  acid. 

2  KNO^   ^  2  NO    ♦  HgO  4.3O 

(c)  potassium  permang^-nate 

(1)  KMn04  +  HOH  -^KOH      2Mn02  +  30  (basic 

medium) 

(2)  iain04  *  3H2S04-^K2S04  +  MnS04  +  3H2O  +50 

(acid 

medium) 

(3)  neutral  medium  like  (1) 

Potassium  permanganate  is  especially  used  in  the 
oxidation  of  side  chains  of  carbon  ring  compounds 
which  are  fairly  resist:..nt  to  oxidation.     If  an  ex- 
cess of  potassium  permanganate  is  used  in  the  oxida- 
tion process,  it  may  be  removed  by  adding  a  little 
alcohol  and  \7arming,  or  with  oxalic  acid  in  an  acid 
solution. 


(d)  sodium  dichromate. 

Na^Gr^O„  +  K^SO.  S  Na  SO.  4-  Cr  (SO  )  *  h  E^^) 

+  30 

(e)  chromic  anhjitdride . 

2Cr0^  +  3  H2S0^   ^  Cr2(S0^)^  *  3H2O  •►3  0 

Other  osidixing  agetits  are: 

(f )  sodium  iodide,  sodium  hypobromite,  sodium  hypo- 

chlorite and  bleaching  po\7der« 

(g)  barium  peroxide,  lead  peroxide  and  manganese  di- 

oxide in  the  presence  of  an  acid, 

(h)  hydro{^en  peroxide  decomposes  into  one  Mole  of 

water  and  one  atom  of  oxygen. 

(i)  silver  oxide  and  mercuric  oxide. 

(j)  the  following  compounds  are  used  in  an  acid  me- 
dium: arsenic  acid,  ferric  chloride,  sulfuric 
acid,  perchlorates,  Caro's  acid  and  sodium  per- 
sulf ate . 


OXIDATION  OF  P~TCLUENE  SULFINIC  ACID  TO  THE  SULFONIC  ACID 


The  ultimate  object  of  this  research  is  to  prepare  m-tolu- 
ene  sulfonic  acid  by  the  oxidation  of  the  corresponding  sulfinic 
acid.    First  p-toluene  sulfinic  acid  was  oxidised  to  the  sul- 
fonic acid  in  order  to  determine  a  suitable  oxidising  agent 
for  oxidising  the  sulfinic  acid  before  attempting  to  oxidise 
m-toluene  sulfinic  acid.    It  was  found  that  p-toluene  sulfinic 
acid  v/as  readily  oxidised  to  the  corresponding  sulfonic  acid 
by  dilute  solution  of  potassium  permanganate  (.015  gni.  /cc). 
The  free  p-toluene  sulfonic  acid  however  was  not  obtained  but 
the  potassium  salt  v/as  prepared.    The  acid  was  identified  by 
preparing  the  toluidide  derivative . of -p-toluene  sulfonic  acid. 
The  toluidide  derivative  melted  between  116-117*'C.     The  melt- 
ing point  given  in  the  literature  ranges  between  117-118" C# 
The  free  p-toluene  sulfonic  acid  could  not  be  Isolated  at  this 
point  in  the  reaearch  due  to  certain  complications  v/hich  are 
caused  by  the  solubility  of  the  sulfonic  acid.    The  acid  and 
salt  (KCl)  formed  v/hen  trying  to  convert  the  potassium  salt  of 
the  sulfonic  acid  into  the  free  acid  by  treatment  with  dilute 
HCl  v/ere  both  soluble  in  most  of  the  common  solvents.  Ho-.vever 
a  suitable  solvent  has  been  found  by  the  investigator  to  date 
and  a  method  for  isolating  the  free  acid  has  also  been  suggested 
under  the  title  of "possibilities  for  future  research" 

The  oxidising  agents  v^hich  v;ere  used  in  this  research  in 
attempting  to  oxidise  the  p-toluene  sulfinic  acid  to  the  sul- 
fonic acid  are  listed  and  the  results  obtained  are  noted  in 


ithe  follo'.ving  discussion; 

(a)  Effect  of  air. —  A  small  amount  of  p-toluene  sulfinic 
acid  was  exposed  to  the  atmosphere  for  several  days  in  order  to 
determine  the  effect  of  air.    The  p-toluene  sulfinic  acid  was 
''tested  by  Smiles'  test  (see  page  35)  before  and  after  exposure. 
The  p-toluene  sulfinic  acid  gives  a  blue-purple  color  with 
Smiles'  test.    Any  change  in  the  sulfinic  acid  would  cause  a 
change  in  the  intensity  of  this  color.    Thus  the  change  could 
be  easily  noted  by  comparing  with  a  standard  made  from  the  pure 
sulfinic  acid.    After  exposure  it  v/as  found  that  the  color  re- 
action was  Bhanged  to  a  brovmish  color.    This  gave  evidence 
ithat  the  sulfinic  acids  are  partially  oxidised  by  the  air. 
However  some  oi'  the  sr.mple  retained  the  property  of  being  in- 
soluble in  cold  water,  therefore  it  v/as  concluded  that  the  sul- 
finic acids  are  slowly  oxidised  by  exposure  to  air. 

jj 

(b)  Oxidation  with  silver  o::ide.—    Silver  oxide  was  tried 
because  it  is  easily  reduced  by  many  organic  and  inorganic 
compounds.    The  silver  oxide  was  prepai^ed  from  the  reaction  of 
silver  nitrate  and  sodium  hydroxide  \7hich  is  as  follows; 


The  silver  oxide  obtaineo.  was  ' washed  v/ith  water  until  the  v/ash- 
ings  gave  no  test  for  the  silver  ion  on  treatment  with  dilute 


HCl.  The  reaction  for  the  preparation  of  the  sulfonic  acid  by 
the  use  of  silver  oxide  is  theoretically  as  follov;s: 


2AgN0^  +  2  KaOH 
2  AgOH   


2  AgOH  +  2  NaNO 
AggO  +  H2C 


K3C-<^-S020Ag  ^ 


A  2  gram  sa  :ple  of  p-toluene  sulfinlc  acid  v/as  intimately 
mixed  \7itji  3*5  grams  of  moist  silver  oxide  in  the  dark,«  'I'his 
was  allov/ed  to  stand  in  the  dark  for  tv;o  hours  with  occassional 
stirring.    The  resulting  mixture  was  then  washed  with  water  to 
dissolve  any  of  the  soluble  silver  p-toluene  sulfonate  which 
might  have  been  formed.    This  v/ater  solution  was  then  acidified 
with  dilute  HCl  in  order  to  precipitate  the  silver  as  silver 
chloride.     The  rssultins  silver  ehloride  v;as  filtered  off  and 
the  filtrate  was  evaporated  to  dryness. 

TTnen  the  filtrate  was  evaporated  to  dryness  a  small  amount 
of  solid  matter  v/as  obtained  but  it  was  slightly  charred  due 
to  the  presence  of  a  little  excess  HCl  which  v:as  used  to  preci- 
pitate the  silver.    This  method  was  therefore  discontinued 
until  a  suitable  solvent  could  be  found  for  the  p-toluene  sul- 
fonic acid. 

(c)  Effect  of  oxygen  gas.-^    Tanli  oxygen  v/as  bubbled 
through  a  mixture  of  1  gram  of  p-toluene  sulfinic  acid  and 
water.    There  v/as  no  evidence  that  oxidation  took  place.    It  is 
possible  that  the  p-toluene  sulfinic  acid  can  be  oxidised  in 
this  v/ay  if  a  suitable  catalyst  is  used  and  the  reaction  mix- 
ture stirred  continuously. 

(d)  Oxidation  v/ith  hydrogen  peroxide.—    It  is  known  that 
hydrogen  peroxide  is  unstable  and  decomposes  into  oxygen  and 
water  according  to  the  follov/ing  reaction: 

H^O^  ^    K^O    f  0 
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It  has  "beer,  shov/n    experimentally  that  the  rate  of  decompositior^ 
of  hydrogen  peroxide  is  increased  in  the  presence  of  sunligiit 
or  a  suitable  catalyst  like  metallic  nickel  or  by  the  contact 
action  of  manganese  dioxide  or  charcoal.    A  jfo  so?L.ution  of  hydrcj 
gen  Deroxide  vras  used  as  the  oxidising  agent. 

A  one  gram  sample  of  p-toluene  sulfinic  acid  v;as  mixed 
'vith  gji  excess  of  hydrogen  peroxide  (30  cc.)  and  a  small  amount 
of  nickel  was  used  as  a  catalyst.    The  mixture  was  Harmed  and 
placed  in  the  sunli,5ht. 

There  was  evidence  of  the  evolution  of  gas  and  a  small 
amount  of  the  p-toluene  s^olfinic  acid  became  soluble  in  the 
water  solution  which  indicated  that  there  was  some  oxidation. 
The  gres.test  portion  of  the  sulfinic  acid  remained  insoluble. 
It  is  possible  that  the  hydrogen  peroxide  used  v/as  too  weaJi. 
Therefore  the  use  of  a  30%  solution  of  hydrogen  peroxide  is 
sugge::ted,  by  this  investigator  for  later  v/ork.    This  method 
is  .vorth  developing  because  no  side  products  would  be  formed 
during  the  process  of  oxidation  and  the  pure  p-toluene  sulfonic 
acid  could  be  obtained  by  merely  evaporating  the  final  solution 
and  precipitating  the  acid. 

(e)  Oxidation  with  barium  peroxide. —  Barium  peroxide  de- 
composes in  the  presence  of  an  acid  to  yield  the  barium  salt 
of  the  acid  a-nd  oxygen.    In  theory  p-toluene  sulfinic  acid 
should  be  oxidised  by  barium  peroxide  according  to  the  follow- 
ing equations: 

1).  2  H3C-<(     )-'S02H  4.  BaC2   ^    (H.^C-<:^^-S02)2Ba  +  HgO^ 


2).  (H^C-<f~^-SCp)pBa  +  2F.20^   ^  (H3^C~<^     ^-SQ^)gBa  -h 

2  H2O 

A  little  larger  qua.ntity  of  the  p-toluene  sulfinlc  acid  *aa 
used  in  this  procedure  than  in  the  oxidation  v;ith  hydrogen 
peroxide, 

A  2  gram  sample  of  p-toluene  sulfinic  acid  vvas  mixed  v^ith 
1.1  grains  of  barium  peroxide  in  water.    The  reaction  mixture 
was  warmed  on  a  hot  water  bath  to  speed  up  the  reaction.  After 
the  reaction  had  ceased  the  mixture  was  allowed  to  stand  for 
half  an  hour  with  occassional  stirring.     The  reaction  product 
was  then  filtered  to  remove  any  unreacted  materials.    The  claar 
solution  obtained  was  treated  with  dilute  sulfuric  acid  in 
order  to  precipitate  the  barium  as  barium  sulfate.     The  insolu- 
ble barium  sulfj^te  v/as  filtered  off  and  the  clear  filtrate 
was  evaporated  on  a  water  bath. 

On  evaporation  of  this  filtrate  a  residue  was  obtained 
which  was  slightly  charred  by  the  sulfuric  acid  in  the  solution 
A  few  crystals  however  were  obtained.    They  were  in  the  form  of 
monoclinic  needles  which  closely  resembled  a  crystal  of  pure 
p-toluene  sulfonic  acid. 

This  method  was  discontinued  since  a  suitable  solvent 
for  the  p-toluene  sulfonic  acid  had  not  yet  been  found  at  this 
point  in  the  research. 

(f)  Oxidation  v/lth  potassium  perma.nganate. —  As  previ- 
ously stated  potas£.ium  permanganate  is  often  used  to  oxidise 
organic  compounds.     It  was  also  illustrated  by  chemical  equa- 


- 


tions  that  three  oxygens  are  furnished  by  potassium  permanganate 
in  a  basic  medium  and  5  oxygen  atoms  in  an  acid  medium.    In  the 
oxidation  of  p-toluene  sulfinic  acid  in  this  research  it  was 
found  that  the  reaction  took  place  in  an  acid  medium  by  testing 
the  reaction  mixture  with  litmus  paper  at  different  time  in- 
tervals during  the  reaction.    On  the  addition  of  potassium  per- 
manganate solution  to  the  p-toluene  sulfinic  acid,  the  potassiun^ 
was  decolorized,  v;hich  indicated  that  oxidation  was  taking  plac^ 

Instead  of  ".veighing  out  a  calculated  amount  of  potassium 
permanganate  it  was  found  that  a  dilute  solution  of  the  potas- 
sium permanganate  could  be  added  slowly  to  a  sample  of  the 
sulfinic  acid  until  the  reaction  was  completed.    This  was  in- 
dicated when  a  permanent  purple  color  v/as  imparted  to  the  re- 
action mixture.    This  is  in  reality  a  titration  method,  and  it 
could  be  used  as  a  method  for  the  estimation  of  the  sulfinyl 
group  (-SOgH).    An  approximately  0.5  N  solution  of  potassium 
permanganate  v/as  made  up  and  used  to  oxidise  the  p-toluene 
sulfinic  acid. 

I  A  3  gram  sample  of  p-toluene  sulfinic  acid  was  mixed  v;ith 

I 

jlO  cc.  of  water  in  a  250  cc.  Erlenmeyer  flask.    The  potc,ssium 

i 

permanganate  solution  was  added  slo'.vly  to  the  flask  which  v/as 
shaken  after  each  addition.    The  permanganate  solution  was 
added  to  the  reaction  mixture  \mtil  a  faint  purple  color  per- 
sisted.   The  color  was  removed  by  warming  the  reaction  mix- 
ture with  a  few  drops  of  alcohol.    After  the  permanganate  color 
v/as  removed  the  reaction  mixture  was  filtered  and  the  filtrate 


was  evaporated  to  dryness.    The  dry  residue  obtained  v/as  assum 
ed  to  be  either  the  potassium  or  manganese  salt  of  p-toluene 
sulfonic  acid.    In  order  to  test  for  the  manganese  ion,  a 
little  of  the  dry  salt  was  treated  v/ith  a  solution  of  sodium 
bismuthate  in  acetic  acid.    The  purple  color  of  the  permanga- 
nate soluti  n  was  not  obtained,  therefore  it  was  concluded 
that  the  salt  v;as  the  potassium  salt  of  p-toluene  sulfonic 
acid.    There  v;as  no  attempt  made  in  this  method  to  Isolate  the 
free  sulfonic  acid  due  to  the  difficulties  encountered  in  the 
other  procedures. 


DERIVATIVE  OF  P-TOLUENE  SULFONIC  ACID 
In  order  to  prove  that  the  salt  of  p-toluene  sulfonic  acid 
was  prepared  the  toluidide  derivative  of  p-toluene  sulfonic 
acid  v/as  prepared.     This  derivative  v;as  found  to  melt  betv/een 
116-117*0.    The  melting  points  given  in  the  literature  are  117- 
118*0.    This  derivative  was  prepared  according  to  the  method 
outlined  "by  Kannn  (1).     It  was  found  best  to  double  the  amounts 
of  the  reacting  substances  given  by  Kamm.     It  v/as  also  found 
that  it  vr;  s  necessary  to  digest  the  mixture  of  the  reacting 
substances  for  at  least  one  hour  and  not  30  minutes  as  stated 
\>T-  Kamm.     It  v/as  also  necessary  to  add  a  fev/  glass  beads 
(cleaned  v/ith  hot  chromic  acid)  to  the  test  tube  in  v/hich  the 
reaction  v/as  carried  out  in  order  to  prevent  bumping.  The 
procedure  given  by  Kamm  is  as  gollov;s:  "Preparation  of  p- 
toluidides. —  In  a  dry  test  tHbe,  mix  1  gm.  of  p-toluidine, 
0.4  gm.  of  the  pov/dered  sodium  salt,     and  0.4  cc.  of  concen- 
trated HCl.     Boil  the  mixture  very  gently  over  a  very  small  gas 
flame  during  15  to  30  minutes.     Cool,  extract  the  reaction  pro- 
duct v/ith  5  cc.  of  boiling  95  per  cent  alcohol,  pour  into  50  cc« 
of  hot  water  Contained  in  a  beaker,  and  boil  down  to  a  volume 
of  about  10  cc.  Filter  the  hot  solution  through  a  small  filter 
paper  in  a  heated  funnel,  crystallize  the  toluidide  from  the 
filtrate,  dry  and  take  Its  melting  point.    Sometimes  recrystal- 
lization  ifi  mecessary." 


(1)  Kaimn,  **Q,ualitative  Organic  Analysis,"  p.  177,  John 

Wiley  &  Sons,  Inc.,  (1932) 
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OXIDATION  OF  M^-TOLUEITE  SULFINIG  ACID  TO  THE  SULFONIC  ACID 
M-toluene  sulfinic  acid  was  oxidised  in  the  same  manner 
as  the  p-toluene  sulfinic  acid  by  barium  peroxide  and  potassium 
permanganate  as  described  on  pages  52  and  53 •     In  oxidising  the 
m-toluene  sulfinic  acid  by  barium  peroxide  the  same  difficulty 
was  encountered  as  in  the  oxidation  of  the  p-toiuene  sulfinic 
acid,  i.e.  on  attempting  to  isolate  the  free  acid  from  the 
barium  salt. 

In  oxidising  the  m-toluene  sulfinic  acid  with  a  potassium 
permanganate  solution,  it  v/as  found  that  the  permanganate  solu- 
tion was  decolotized,  which  gave  evidence  that  oxidation  was 
taking  place.    The  method  of  titrating  the  m-toluene  sulfinic 
acid  with  potassium  permanganate  solution  was  found  to  be  very 
convenient  in  this  procedure, , because  at  this  stage  of  the  re- 
search there  was  no  definite  means  for  determining  the  amount 
of  m-toluene  sulfinic  acid  actually  taken  as  a  sample.     It  has 
been  previously  shovm  that  the  m-toluene  sulfinic  acid  is  a  red 
oil.     It  v/as  also  stated  that  this  red  oil  was  not  all  m-tolunne 
sulfinic  acid.    This  v/as  confirmed  during  the  process  of  oxidi- 
sing the  m-toluene  sulfinic  acid  with  potassium  permanganate. 


sirnje  a  yellowish  brown  resinous  by-product  was  produced  during 
the  oxid^.tion.    The  eaact  nature  of  this  compound  v/as  not 


• 

determined  at  this  stage  of  the  research.    The  salt  of  the  m- 
toluene  sulfonic  acid  v/as  also  obtained  by  this  method. 

DERIVATIVE  OF  M-TOLUENE  SULFONIC  ACID 
In  order  to  prove  that  m-toluene  sulfinic  acid  had  been 
oxidised  to  the  sulfonic  acid,  the  salt  of  the  m-toluene  sul- 
fonic acid  was  converted  into  the  sulfonyl  chloride  and  then 
into  the  amide.    The  amide  was  prepared  according  to  the  direc- 
tions given  on  pages  44-45  of  this  thesis.    This  amide  deriva- 
tive of  the  m-toluene  sulfonic  acid  melted  between  105-10?  C. 
The  melting  points  of  this  compound  given  in  the  literature 
range  from  106-108  C. 
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SOLUBILITY  TA5LS  OF  P-TO^ULNS  SULFOICIC  AG  ID 


Solvent 

N-butyl  et-her 

water 

benzene 

acetone 

ligroln 


Hot 

Soluble 
soluble 


Cold 


insoluble 
soluble 
sliclitly  soluble  insoluble 
very  soluble 
V.  slightly  sol, 


soluble 

V.  slightly  sol. 


carbon  tetrachloride 

II 

II 

II 

II  II 

II 

ch;).oroform 

II 

II 

II 

11  II 

11 

carbon  disulfide 

N 

II 

II 

II  II 

II 

technical  ether 

very 

soluble 

soluble 

This  table  shov/s  that  N-butyl  ether  will  serve  as  a  suit 
able  solvent  for  p-toluene  sulfonic  acid. 


I 


1 1 
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POSSIBILITIES  FOR  FUTURE  RSSE.\RCH 
The  folio. in^  possibilities  for  future  research  are  listed 
in  order  to  help  lay  the  foundation  for  further  v/ork  in  the 
preparj.tion  of  the  isomeric  toluene  sulfonic  acids. 

(a)  The  follov/ing  theory  for  the  formation  of  the  sulfinic 
acids  is  postulated  by  this  investigator:     that  in  the  prepara- 
tion of  sulfinie  acids  sulfurous  acid  acts  as  a  strong  reducing 
agent  and  removes  oxygen  from  the  diazonium  salt  and  is  itself 
oxidised  to  sulfuric  acid.    Therefore  it  is  proposed  that  the 
oxidation-reduction  potentials  of  the  sulfurous  acid  and  dia- 
zonium salt  be  determinQd  in  order  to  prove  v/hether  the  above 
postulate  is  correct  or  not* 

(b)  In  the  preparation  of  m-toluene  sulfinic  acid  it  was 
found  that  a  side  product  was  formed  which  dissolved  in  ether 
together  v/ith  the  m-toluene  sulfinic  acid  in  the  isolation  of 
this  acid  by  ether  extraction.     Some  of  this  material  has  been 
l7etained  by  this  Investigator  after  extracting  the  m-toluene 
sulfinic  acid  as  its  sodium  salt  from  the  ether  solution. 

It  has  been  suggested  that  this  substance  is  the  di sulfoxide 
of  m-toluene.    This  offers  the  problem  of  obtaining  this  sub- 
stance in  a  pure  enough  state  so  that  it  may  be  analyzed  and 
identified. 

(c)  It  is  suggested  that  m-toluene  sulfinic  acid  be  pre- 
pared by  the  methods  outlined  on  pages  19  through  23  of  this 
thesis. 

(d)  It  is  suggested  that  the  free  p-toluene  sulfonic  acid 


and  m-toluene  sulfonic  acid  be  isolated  by  the  following  pro- 
cedure.     The  salt  of  the  sulfonic  acid  obt^^ined  from  either 
the  barium  peroxide  or  potassium  permanganate  treatment  should 
be  neutralized  with  dilute  HCl  and  thus  obtain  the  free  sulfoni( 
acid  and  salt  of  the  mineral  acid  in  a  water  solution.  The 
water  solution  should  next  be  evaporated  to  dryness .v  The.  resi- 
due should  then  be  extracted  with  hot  N-butyl  ether.    The  free 
sulfonic  acid  could  then  be  obtained  by  distilling  off  the  sol- 
vent. 


i 
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SUTilMARY  AND  CONCLUSIONS 
The  follov/ing  facts  are  noted  in  this  research: 

(1)  A  resume  of  the  literature  is  given  in  which  the 
properties  of  the  isomeric  sulfonic  acids  are  given  and  the 
methods  for  their  preparation.    Liethods  for  the  preparation  of 
the  sulfinic  acids  are  also  given. 

(2)  P-toluene  sulfinic  acid  v;as  prepared  in  this  re- 
search b^-  a  combination  of  Gatterman's  method  for  the  prepara- 
tion of  sulfinic  acids  and  Thomas's  method  for  the  isolation 
of  sulfinic  acids. 

(3)  The  potassium  salt  of  r)-toluene  sulfonic  acid  was 
prepared  by  the  oxidation  of  p-toluene  sulfinic  acid  v/ith  a 
dilute  solution  of  potassium  permanganate.    This  was  identified 
as  the  toluidide  of  p-toluene  sulfonic  acid. 

(4)  M-toluene  sulfinic  acid  was  prepared  and  isolated 
as  its  sodium  salt.     This  was  identified  as  the  amide  of  m-tolu4 
ene  sulfinic  acid. 

(5)  M-toluene  sulfonic  acid  v/as  prepared  as  its  potas- 
sium salt. 

(6)  Possibilities  for  future  research  v/ork  are  given 
in  this  thesis. 

(7)  Therefore  this  thesis  proves  that  n-toluene  sul- 
onic  acid  can  "be  prepared  from  m-toluidine» 
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